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1865-1941 


Dr. John Stanley Plaskett was born in the village of Hickson, Oxford County, On- 
tario, on November 17, 1865, and passed away on October 17, 1941, at Esquimalt near 
Victoria, B.C. As the eldest in a large family he shared in the responsibilities of his fath- 
er’s farm, deriving, as many others have, mechanical and scientific inspiration from the 
varied experiences of country life. Meanwhile, he completed elementary school in the 
village of his birth and high school in near-by Woodstock. As he matured, his interests 
grew away from the farm and became so predominantly mechanical that as soon as prac- 
ticable he left for employment with a near-by engineering firm. 

This was followed by a short term with the Edison Company, which had only very 
recently located in Schenectady, New York. Then he spent a brief period with the Cana- 
dian Edison Company. This type of employment held him for only a relatively short 
time, for, by 1889, he had become a mechanician in the physics department of the Uni- 
versity of Toronto. He was, no doubt, considerably attracted to this position because 
his duties were to include assistance in demonstration lectures. Henceforward through- 
out his life, he gave unswerving attention to broadening his education, to perfecting his 
grasp of the design of astronomical instruments, and to observations of an ever ex- 
panding scope. 

He remained as mechanician with the physics department until 1895, and then, when 
nearly thirty years of age, enrolled as a student, bent on obtaining the scientific training 
which through experience in preparing demonstrations in physics had become his aspira- 
tion. He graduated with honors in mathematics and physics in 1899, He continued with 
the university until 1903, when he was appointed to the staff of the Ottawa Observatory 
to assist the director, Dr. W. F. King, in the design and construction of astronomical 
instruments. 

Soon thereafter it became his responsibility to organize an expedition for observing 
the total solar eclipse of 1905 in Labrador. His preparation for this undertaking was so 
well planned that he received much credit, despite the misfortune of bad weather which 
prevented any observations. 

Plaskett was given charge of the astrophysical work at Ottawa and pursued this task 
with great industry. A careful study of the spectrograph, designed for use with their 
15-inch refractor, revealed certain defects, among which flexure was the most serious. 
Plaskett very soon decided that the only solution of the difficulty was to build a new 
spectrograph and to incorporate in it the results of the experience of other observatories, 
as well as those derived from his own studies and experiments. 
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After he had visited several of the most prominent American observatories engaged in 
astrophysical research, he designed and built a new spectrograph. He also provided an 
improved correcting lens for the 15-inch visual telescope and determined the maximum 
slit-width consistent with accurate use of the spectrograph. By these changes he added 
greatly to the efficiency of this instrument for radial-velocity work. With the assistance 
of Harper, Cannon, and Parker he obtained many hundreds of spectrograms with this 
equipment. A great many of the radial velocities which these spectrograms yielded were 
used to determine the orbital elements of spectroscopic binaries—a field of research in 
which the Ottawa Observatory became outstanding. Thirty-six orbits were added to 20 
previously published by other observers. In addition, Plaskett carried on studies of Mira 
and Nova Geminorum No. 2. Between 1911 and 1913 he also worked upon the problem 
of the solar rotation with an instrument of his own devising. 

Although important studies of spectroscopic binaries were carried out, as indicated, 
and other work of value was possible with the 15-inch refractor, it was clearly recognized 
that its usefulness was limited. Accordingly, after Plaskett had attended the meeting 
of the International Union for Cooperation in Solar Research at Pasadena in 1910 and 
had inspected the recently completed 60-inch reflecting telescope on Mount Wilson, his 
report of 1911 to the chief astronomer carried a vigorous plea for a reflecting telescope 
6 or more feet in aperture. 

Plaskett was very active during the next few years. Between his proposal of a giant 
telescope and its realization lay not only the planning, designing, erecting, and testing 
of its component parts but, first of all, success in persuading the Canadian parliament 
and departmental heads to adopt his point of view—a task calling for quite different 
talents. However, Plaskett proved to have the necessary qualifications for this as well. 
He was endowed with a friendly personality, a knowledge of Canadian affairs, persist- 
ence, and resourcefulness—a combination of qualities which not only gained him the 
support of Dr. King and others of his colleagues and of astronomical societies every- 
where but also carried him successfully over the political difficulties. By 1913, two years 
after the first proposal, contracts for a 72-inch reflecting telescope were let. 

The observing conditions at various available locations were tested by Harper well in 
advance of construction, and Victoria, British Columbia, was chosen as the site for the 
new instrument. Here, in 1918, the observatory, provided with this giant reflecting tele- 
scope, was completed, the instrument meeting satisfactorily the exacting tests carried 
out by Plaskett. 

The efficiency and convenience achieved in the telescope were deemed very satisfac- 
tory, as he points out with justifiable pride in the following remarks: 

The driving is perfect, and no trace of any period or irregularity in the following has been 
detected. The arrangements provided for operating the telescope, for setting on the star, work 
to perfection, and I have yet to find any part of the design where any improvement could be 
made. In making exposures on star spectra the average time required in changing from one star 
to the next, from the end of the exposure on one star to the beginning on the next is less than 
three minutes and if stars are not far apart, is generally two minutes. .... When we consider 
that the moving parts weigh 45 tons the ease of handling is a remarkable evidence of the perfec- 
tion of design and workmanship. 

The mounting had been built by Warner and Swasey. Close association with Plaskett 
on this project was so satisfactory that, after he had retired from astronomical activities, 
they retained him in an advisory capacity, especially in connection with the telescope of 
the McDonald Observatory. 

The principal mirror, figured by the Brashear Company, has a focal length of 361.38 
inches and an aperture of 72.6 inches, the largest in operation until the completion of the 
100-inch mirror of the Hooker telescope. The 72-inch mirror is provided with a central 
hole 10.13 inches in diameter, which permits the spectrograph, when the telescope is in 
the Cassegrain form, to be attached to the bottom of the telescope tube directly in the 
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axis, a position with obvious advantages. The Cassegrain mirror with a diameter of 20 
inches, when placed 7.15 feet inside the principal focus of the main mirror, provides an 
equivalent focal length of 108 feet and an aperture ratio of 1:18. Most of the work 
of the telescope has been done with the Cassegrain form of mounting. 

The spectrograph which was adopted by Plaskett is the result of efforts to combine 
the best features of the fixed-form type with those of the universal type permitting the 
use of one, two, or three prisms with various focal lengths of camera. The dispersions 
finally available range from 90.0 A/mm at Hy when one prism is used to 9.6 A/mm at 
Hy with three prisms. Plaskett remarked: 

When it is remembered that at each of these dispersions we have practically perfect definition 
and field over the whole spectrum that can be photographed on the plate, that the changes from 
one dispersion to another can be readily and quickly made, and the required settings reproduced 
at will and that the spectrograph for any of these dispersions is practically as stable as the single- 
form instrument the success of the reversion to the universal form of stellar spectrograph seems 
confirmed. 


British Columbia provided the site of the observatory on Saanich Hill and the road 
leading to it. The other very considerable expenses were met by the Canadian govern- 
ment. Plaskett expressed his appreciation of the generosity of the two governments con- 
cerned in these words: ‘‘The whole forms one of the largest, if not the largest, single con- 
tribution to science ever made by any country, and Canadians should be proud that their 
country has so splendidly furthered the cause of astronomical research.” It was also 
characteristic of Plaskett to express his indebtedness to Dr. King for his enthusiastic 
promotion of the new observatory. 

During the next seventeen years Plaskett was the director of the new institution, 
known as the Dominion Astrophysical Observatory. His associates included R. K. 
Young, W. E. Harper, his son, H. H. Plaskett, and J. A. Pearce. 

Practically their entire observing time was given to obtaining stellar spectrograms. 
Plaskett retained the interest in spectroscopic binaries which had developed at Ottawa 
and now gave special consideration to eclipsing variables. His radial velocities of eclips- 
ing stars were combined with their photometric orbital elements to give values of the 
absolute dimensions. Such results could be obtained directly in no other way, except in 
the bright red giant stars, the diameters of which Pease measured with the interferometer. 
Plaskett’s data were of great value for the determination of the mass-luminosity rela- 
tionship by Eddington. 

The main program for the first few years of the observatory’s operation was that of 
determining the radial velocities of the northern stars fainter than the fifth magnitude in 
Boss’s Preliminary General Catalogue. The Radial Velocities of 594 Stars, published in 
1921, was the work of the entire staff. Estimates of absolute magnitude derived from 
these spectrograms also gave the distances. A by-product of this program was the dis- 
covery of 188 spectroscopic binaries. 

Plaskett next gave his attention to the stars of spectral type O, three of which H. H. 
Plaskett had investigated. Little study had been given previously to these, which are 
the hottest stars known. Eighty stars, which Miss Cannon had classified as type O, 
were observed. Twenty, however, were found to be of class B and 13 of the Wolf-Rayet 
class. 

Among results from this program of type O stars were (1) the recommendation of the 
criteria of H. H. Plaskett for the classification of stars preceding BO; (2) the derivation, 
for O-type stars, of a very high average residual radial velocity, 25.5 km/sec; (3) the 
determination of radial velocities from the interstellar H and K lines of calcium; and 
(4) an estimate, —4.0, for the mean absolute magnitude of class O stars. 

Plaskett’s discussion of spectroscopic binaries showed that those of class O were prob- 
ably from eight to eighty times as massive as the sun. He found that one of these binaries 
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with double lines had minimum masses of seventy-six and sixty-three times that of the 
sun, which were the greatest masses so far observed. Radial velocities from the sharp 
H and K lines in these stars proved to be constant at all phases for spectroscopic binaries, 
as had already been demonstrated. Furthermore, interstellar velocities often differed 
significantly from the corresponding stellar velocities, even when the latter were con- 
stant. He concluded that the “hypothesis of an individual surrounding cloud belonging 
to each star must be abandoned.” Reasoning from the appearance of the same sharp 
lines in novae, Wolf-Rayet, class O, and class B stars, he inferred that these lines must be 
due to the absorption of ‘fairly wide-spread clouds of tenuous material through which 
starlight shines without appreciable general absorption but with strong selective absorp- 
tion at H and K and D1 and D2.” 

A little later Fowler and Eddington gave a physical theory to explain the absorption 
of these lines in interstellar space. Also, about this time Struve presented evidence that 
the strength of these sharp lines increased with distance. Furthermore, Lindblad and 
Oort showed that radial velocities from distant stars should be adequate to reveal evi- 
dence of galactic rotation. It was therefore natural that Plaskett’s already keen interest 
in the spectra of early-type stars should have been greatly intensified and that he and 
Pearce should have entered upon a heavy observational program of early B stars, the 
class in which there is by far the largest number of observable distant stars and also the 
class best adapted to the study of interstellar H and Kk. 

Plaskett’s first results (1928) on the rotation of the galaxy were based on 610 O- and 
B-type stars. These showed that the effect of galactic rotation increased with distance 
and that his value for the galactic center was in agreement with Oort’s. 

Then followed a series of papers which displayed ample evidence of galactic rotation. 
These progressed from preliminary solutions in 1930 to more and more complete treat- 
ment during the next five years. The later results showed that the interstellar, as well as 
the stellar, velocities provided excellent evidence of galactic rotation. The rotational 
effects found from the interstellar lines supported the assumption that absorption takes 
place throughout the whole path between star and observer. 

In the final exhaustive treatment of their material in 1935, proper motions of 896, as 
well as the radial velocities of 849, stars were used. This solution led them to the follow- 
ing conclusions: 


Longitude of the center of the galaxy 324°4 

Differential galactic rotation 0.0155 km/sec, parsec 
Distance from sun to galactic center. . 10,000 parsecs 
Diameter of the galaxy. . 30 ,000 parsecs 
Period of revolution of the sun about the galactic center. 220,000,000 years 
Mass of the galaxy 16.510" 


Successful as this solution was, Plaskett keenly realized the great aid that would be 
derived for his problem from observations in the southern hemisphere. He was therefore 
a strong advocate of a large telescope at the Radcliffe Observatory, Pretoria, South 
Africa. 

With the completion of his work on galactic rotation Plaskett retired from the direc- 
torship. However, he still paid weekly visits to the observatory whenever possible and 
to the end of his life evinced a keen interest in the work of its staff. After his retirement 
as well as throughout his active astronomical career he frequently attended meetings of 
astronomical sccieties, where he greatly enjoyed the informal as well as the formal pro- 
ceedings and was himself always one of the most valued guests. 

Plaskett was the author of numerous articles which appeared in a variety of scientific 
journals, in Canada, Great Britain, and the United States. Nearly one hundred entries 
are listed in a “Bibliography of the Published Papers of J. S. Plaskett.’’! 


1 Beals, Petrie, and Wright, Pub. R.A.S. Canada, 35, 408, 1941. 
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Among many accounts of Plaskett’s work, special attention is directed to one by 
A. C. D. Crommelin? on the occasion of the award of the Gold Medal of the Royal As- 
tronomical Society and another by A. H. Joy, when presenting Plaskett with the Bruce 
Medal.* 

Many of the honors that astronomy has to bestow became his, such as the Gold Medal 
of the Royal Astronomical Society, the Draper Medal of the National Academy of Sci- 
ences, the Rumford Premium, the Bruce Medal of the Astronomical Society of the Pa- 
cific, and the Flavelle Medal of the Royal Society of Canada. His achievements were 
further recognized by honorary degrees from the universities of Pittsburgh, Toronto, 
British Columbia, McGill, and Queen’s. Also on the eve of his retirement he was honored 
by being made a commander of the Order of the British Empire (C.B.E.). 

Plaskett was married to Rebecca Hope Hemley in 1892. Their family consisted of 
two sons, Harry Hemley, Savilian professor of astronomy at Oxford University, and 
Stuart S., of Victoria, B.C. Their married life, very nearly half a century long, was a 
happy one. Plaskett was often wont to acknowledge the inspiration given him by his 
wife and in particular her encouragement of his efforts to further his education and scien- 
tific training. She was his companion at many astronomical gatherings, there enjoying 
the many friendships that had grown out of former meetings and associations. 

Mrs. Plaskett and her two sons have provided three beautiful windows to the memory 
of husband and father in St. John’s, The Parish Church, Victoria, B.C. These windows 
represent the gold medals which had been awarded him. 

Dr. Plaskett’s outstanding characteristics were humor, interest in his fellow-men, tol- 
erance, and his preference for the use of tact and persuasion rather than dictation in his 
administrative work. He derived immense satisfaction from the informal company of 
scientific colleagues or friends. He took great pride in the number of visitors to the ob- 
servatory. His interest and attention to this privilege and the many public lectures, 
which he enjoyed giving, are credited with having aroused a great interest in astronomy 
in his country. 

Plaskett’s eminence in astronomy results from achievements that were notable both 
in instrumental design and in scientific observation, discussion, and conclusion. His skill 
in human relationships aroused public appreciation for astronomy, contributed much to 
the work of scientific bodies, and made possible a fine new modern observatory. 

Dr. Plaskett’s adult life spanned the development of astronomy in Canada from the 
most meager beginnings to world-wide eminence. This remarkable development was due 
in no small part to the inspiration of his enthusiasm and untiring industry. Thus this 
vigorous son of a vigorous commonwealth had much to do with a noteworthy growth of 
his beloved science that paralleled Canada’s lusty material expansion during the same 
interval. 

R. F. SANFORD 

2M.N., 90, 466, 1930; Jour. R.A.S. Canada, 24, 217, 1930 

Pub. A.S.P., 44, 5, 1932. 








COMETARY EMISSION SPECTRA IN THE VISUAL REGION 


P. Swines, A. McKELLAR, AND R. MINKOWSKI 
McDonald, Dominion Astrophysical, and Mount Wilson Observatories 
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ABSTRACT 


A list of wave lengths of the emission features occurring in the region \ > 4800 has been compiled 
partly on the basis of previously published data but mainly from measurements of spectrograms of the 
recent bright comets 1940c and 1942g obtained at the McDonald, the Mount Wilson, and the Dominion 
Astrophysical observatories. It is indicated that certain of the more prominent features behave, with 
respect to the comet’s heliocentric distance, as emissions from polyatomic molecules would be expected 
to do. Comparison of the cometary spectrum with that of an oxyammonia flame leads to the suggested 
identification of a number of the emission features, among them the strong ‘‘A 6300 group,” as due toa 
dissociation product of ammonia, probably \//,. 


INTRODUCTION 

Relatively few observations of the spectra of comets in the visual region (A > 5500) 
have been made up to the present time. Hence the yellow and near-red regions are com- 
paratively little known. The reasons for this doubtless include the facts that until re- 
cently panchromatic plates have been much less sensitive than ordinary blue-sensitive 
plates, that only very recently have fast enough forms of grating spectrographs been 
available to enable spectrograms of moderate dispersion of such faint and diffuse objects 
as cometary heads to be secured, and that no really bright comets have appeared during 
the past few decades. The only emission bands in this spectral region for which unques- 
tionable identifications have been given are those of the Swan system of C2. Also, of 
course, for several comets which have approached the sun very closely, the sodium 
D-lines have occurred strongly in emission, and possibly a few other atomic lines have 
been noted. 

Recently a considerable number of plates of Comet Cunningham (1940c) and Comet 
Whipple II (1942g), covering the visual spectral region, have been obtained, using the 
large reflectors at the McDonald, the Mount Wilson, and the Dominion Astrophysical 
observatories. It would therefore now seem desirable and profitable to present the re- 
sults of measurements on these plates, including the limited material available from 
previous studies, and to assemble and discuss all the wave-length data on cometary 
spectra for the region X > 4800. 


THE WAVE-LENGTH DATA 


The wave lengths of the emission features to the red of \ 4800, from which the well- 
identified C. and CN bands have been excluded,' are given in three tables. Table 1 pre- 
sents the results of measurements on Mount Wilson and on McDonald Observatory 
spectrograms and includes, as well, the results of the earlier work of other investigators 
on Comet Brooks (1911) and of measurements on Mount Wilson spectrograms of Comet 
Peltier (1936a) and Comet Finsler (1937f). Table 2 gives the detailed results of the 
measurements on the Victoria spectrograms. 

The McDonald Observatory measurements were made on seven plates of Comet 1940c 
and two plates of Comet 1942g. The plates of Comet 1940c were taken with a glass 
spectrograph giving a dispersion of 260 A/mm at d 5000; those of Comet 1942g have a 

1 The two bands, \ 6053 and \ 6121, of the Av = —2 sequence of the C. Swan system have been in- 
cluded because they are probably blended with complex groups. All the Swan system transitions from 


0,2 to 5,7 were observed in the spectrum of Comet Cunningham 
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VICTORIA MEASURE 


COMET 
CUNNINGHAM 
1940¢ 
r=0.48 r= 
5694 
5704 
5732 
5741 
5756 
5767 
5788. 
cant 5971 
5975 010+) 5975 
5995 7(0+-) 5994 
6008 . 3(G 
6021. 2(0-4 6018 
6033.3(0+-) 
6098 .6(0) 6096 
6109 
6120.9(4) 
6137 .6(0+) 
6184 .8(0) 
6197 .0(0) 
6234. 9(0+) 
6300. 5(2) 6299 
6320 
6336 O10 6333 
6345 
6362 
6398 
6580. 6(0) 6578 + 
6619 3(14 6619 
6641 7(4) 
6667 . &(¢ ) 
6674 
6685 .0(0) 


* Excluding, as noted in 
t Weak plate. 


1940c Agfa Superpan Press e 


spectra were obtain 
1942¢ was based on 
ing spectrograph gi 


The absolute accuracy ol 
of both the internal consistency of the measurements on 


1.39, with a camera giving a dispe 
one exception was secured with the lowe 


COMET SPECTRA 145 


‘mm at 4 6300. The Victoria plates were all obtained with the single- 
spectrograph and, except the first of the two of Comet 1942g at 
rsion of approximately 225 A/mm at Ha. This 
r dispersion of 400 A/mm at Ha. For Comet 


TABLE 2* 


MENTS OF EMISSION BANDS IN VISUAL REGION OF COMETARY SPECTRA 





Comet Wurerte II (1942g) 





| 
; enna MEAN 
1.38 r=1.39 r=1.39 r=1.40 r=1.43 | r=1.45t | 
9(1d) 5694.3(0) De Sakae arsine ova alg eacaemeroe | 5694.6(4) 
6(1d) 5703. 8(0+) 5703.5(4) 5703.9(4) | 5704.0(1) 
1(1s) 5731.0(1) 5731.2(1+) ; ...| 5731.4(1+) 
6(1—) 5741. 3(0) SSRI (PRERRIN eEAIS ne | 5741.4(4) 
0(0+) : ..| 5756.0(0) 
90+ } 5764.8(0+) ; -.. eee + | 5764.8(0+) 
ee 5769. 8(0+) ...| 5769.8(0+) 
8(0) 5787 .6(4 —) | 5788.2(0+) 
: 5888. 3(0+) ; P 5888 .3(0) 
2\(3) | 5978.6(3) 5977 .4(3) 5977. 3(2) 5976 .0(2) 5976.4(1) | 5976.6(3) 
2(2) 5995 .9(2s) 5997 .1(1) 5995 .8(0+-) 5996 .1(1) 5995 .8(1+) 
6005 .0(1 —) “a ; 6006 .6(0+) 
; 6613 .1(0) 6613.1(0) 
2(1 6021.6(0+) | 6019.6(0) 6020 .2(3) 
6038 .9(0) 6038 .4(0+) 6035 .4(0+) 6036 .5(0+) 
6058 .7(0) 6060. 3(G) 6059 .5(0) 
6077 .4(0+) 6078 .2(0+) 6677 .8(0+) 
2(2-—) 6095 .2(2—) 6095 .8(1+) 6098 .8(0+-) 6096 .9(1) 
7(4) 6110.5(0+-) 6109 .9(0) 6110.0(4) 
6120.9(4) 
6137 .6(0+) 
6148 .9(1—) 6146. 2(}) 6147 .6(4) 
6184.8(0) 
6203. (0) | 6200.3(0) 
6212. 8(0) .| 6212.8(0) 
6224 .6(14 | 6224.6(0+) 
6237.1(0) 6236.0(0+) 
6278. 3(0) 6278 .3(0) 
6288 .6(0+-) 6288 .6(0+) 
7(5) 63C1.4(5) 6301. 4(7) 6301 .6(5) 6299 9(10) 6360. 5(3) 6300 .7(6) 
Alt - 6321 .9(0-4 6321 .2(4) 
7(2+) 6336. 8(1 6334 .6(2) 6335 .3(1) 6334 .9(3) 6335 .2(2) 
7(0+) 6345 .7(G+) 
3(0+) 6366.2(1-4 6364 .4(2) 6364 .3(1+) 
6385 .6(1+) 6385 .6(1—) 
3(0) 6397 .9(0+-) 6398 .1(0+) 
6408 .4(0 6409 .8(0+-) 6409 .1(0+-) 
6433 .8(0+-) | 6433.8(0) 
6474.3(4) | 6474.3(0) 
6500.9(1—) | 6500.9(0+) 
4(0 +d) 6579 .5(0+) 
6597 .0(0) 6597 .0(0) 
4(2d) 6619 .0(2) 6619. 8(1) 6621 .3(4) 6619 .8(2—) 
6(41.5(1) 6641 .6(}) 
6(0+4 6674. 6(0) 6674.6(0+) 
6685 .0(0) 
6790(0+) 6790(0) 
6804(0+) 6804(0) 
6846. 4(0?) 6846 .4(0) 
6927 .6(0 ) 6934(0+-) 6923(G) 6928(0) 
7€41(0) 7041.5(1—) 7041(0) 
the text, the well-identified C2 and CN bands. 


mulsion was used, while for Comet 1942g the Victoria 
103-F plates. The Mount Wilson material for Comet 
an 103-F emulsion with a grat- 


ed on Eastman 
two spectrograms obtained on Eastm 
ving a dispersion of 400 A/mm. 

‘ the wave lengths may be estimated from an examination 
the various spectrograms from 
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TABLE 3 


FINAL MEAN WAVE LENGTHS OF COMETARY EMISSIONS A >4800 AND THEIR COM- 
PARISON WITH THE EMISSION SPECTRUM OF THE OXYAMMONIA FLAME 


Earlier Measures | Oxyammonia 


zs Domini Final St zest ‘ é 
Mount Wilson ——— pens ae Flame Spectrum 
Astrophysical Accepted a-Band Lines 
and McDonald : DN 
: Observatory Mean or Groups i? ‘ 
Observatories on c ai (Rimmer)* (Victoria 
Mean A isk ia ia ee | Measurements) 
4838 .9(1-2).... 4838 .9(1-2) 


4866. 4(2) 
4868.2(1).... 4868.2(1) | 44866.8(2) 
4869 9(3) 
| 75 6(2 
4876.0(0-1)...... 4876.0(0-1) pec a3} 
4883. (1). i 4883 (0-1) : 
4923.6(3) 
4925.7(2)....... 4925.7(2) | .4924.4(2) 
4925 6(3) 

4937 .0(1-0) 4937 0(1-0) ms 
4953 3(1-0). 4953. 3(1-0) 3 
4959 5(2) 
4962. 7(0). 4962.7(0) + 4961.4(2) 
4962. 3(3) 
4971. 4(2) 


4971.1(0-1) 4971.100-1) | 44975 0¢4) 
5007 .O(1-0). 5007 .O(1-0) ; 
5186. 5(2) 5186. 5(2) . 
5243.1(1) 5243. 1(1) 5243 .6(3) 
5259 (1-0). 5259 0(1-0) ae 
5283.5(1-0) 5283. 5(1-0) 
5318. 5(2) 5318. 5(2) 
5326 .0(1-0). 5326 0(1-0) 
5336. 5(1) 5336. 5(1) 
5355. 3(1-2) 5355 .3(1-2) 
5384. 6(5) 
5386. 4(1-2) 5386.4(1-2) | <5385.3(2) 
5387 .2(3) 
5 6 ? 
5418. 3(0). 5418. 3(0) ad = 
5428 0(3) 5428 .0(3) 5429. 2(5) 
5445 .0(3-4) 5445 .0(3-4) 
5687 . 1(0-1) 5687 . 1(0-1) 
ear 5694. 6(3) 5694. 6(1) 5695 .9(3) 
5697 .2(4) 5696 .9(1d) 
ena 5703 .0(2) 
5701. 5(2-3n) 5704. 0(1) ne ig £5703. 8(2) 
a . 5705. 4(6) 
5707 .0(6) 
5708. 5(6) 5713.8(3) 
5719. 2(1) 5719. 2(2) 
573] .2(2n) 5731.4(1+) 5731. 3(2) 
5739. 6(1-2) 5741. 4(4) 5740. 5(1-2) 5741. 4(3) 
5753.2(1) 5756 .0(0) 5754. 1(1) 5753.5(4) 
5764. 8(0+) 5764.8(0+) 
ie 53769. 8(0+) 5769 8(0+) 
5779. (0) 5779(0) 5781 .3(4d) 
5788 .2(0+) 5788 .2(0+) 


5792 .7($d) 


* Proc. R. Soc., A, 103, 696, 1923 


























Earlier Measures 
Mount Wilson 
and McDonald 
Observatories 

Mean A 


5805 .0(0). 
5892. 8(1n) 


5949(00) 
5977 .7(4) 
5996 .0(2-3) 
6019 .4(1-2) 


6036 .9(1) 
6053. 5(1) 


0085 .3(1 
6098 .7(1 
6110. 3(1) 


wm bd 
~~ 


~~ 


6120 .9(2) 


6148 .6(0) 
6170. 6(1-0) 


6200. 2(0) 


6244. 1(0) 


6279 (0) 


6298 .0(5) 


6333. 2(2) 
1 


Dominion 
Astrophysical 
Observatory 
Mean A 


5888 3(0) 


5976. 6(3) 


5995 .&(2—) 
6006 .6(0+) 


6013. 1(0) 
6020. 2(3) 


6036. 5(0+) 


6059. 5(0) 
6077 .8(0+) 


6096 .9(1) 
6110.0(4) 


6120.9(4) 
6137 .6(0+) 


6147 .6(4) 


6184. 8(0) 


6200. 3(0) 
6212 .8(0) 
6224. 6(0+) 


6236.0(0+) 


6278. 3(0) 
6288 . 6(0) 
6300. 7(6) 
6321.2(4) 


6335.2(2) 
6345.7(0+) 


COMET SPECTRA 


TABLE 3—Continued 


Final 
Accepted 
Mean 
Cometary A 


5805 .(0) 


5888. 3(0) 
5892 .8(1n) 


5949(00) 


5977 .2(4) 
5995 .9(2) 
6006 .6(0+) 
6013. 1(0) 
6019 .8(1-2) 


6036 .7(1) 
6053 .5(1) 
6059. 5(4) 
6077 .8(1—) 
6085 .3(1) 
6097 .8(2 
6110.2(1) 


6120 .9(1) 
6137 .6(0) 


6148. 1(4) 
6170 .6(0) 


6184.8(0+) 


6200. 2(0-+) 
6212 .8(0) 
6224.6(0+) 


6236.0(0+) 
6244. 1(0) 


6278 .6(0) 
6288 6(0+) 
6299 . 3(6) 
6321.2(1) 


6334 .2(2+) 
6345 .6(1) 


Strongest 


a-Band Lines 
or Groups 
(Rimmer )* 


5972. 


45976 


5977. 
6010. 


6013 


6053 
6054 


6096. 
6098. 


6120. 


6121 


6122 


6295 
6297 
6298 


{6299 


6300 
6300 
6302 
6331 
6332 


ape 
5(3) } 
3(5)) 


9(3) | 


6(3) 


9(2) 
4(2) 


8(2) 


3(3) 


5(3) 
2(2) 
8(2) 


4(3) 
5(2) 
6(2) 
0(2) 


8(6) 
0(3) 
6(2) 
8(6) 





Oxyammonia 
Flame Spectrum 
r 
(Victoria 
Measurements) 


5870.7(4d) 


5 
6109. 3( 
6121.0(1+d) 
6143.3(4¢—d) 


6168. 3(4dd) 
6181.9(3+) 
6188. 8(3) 


6262 .5(1—dd) 


6287.5(1-) 


6299. 5(8) 
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TABLE 3—Continued 


Earlier Measures iy : Oxyammonia 
ie Dominion Final Strongest 
Mount Wilson Flame Spectrum 



































aii Miateantd Astrophysical Accepted a Band Lines " 
z Observatory Mean or Groups , : 
Oheutvatories Mean A Cometary A (Rimmer)* (Victoria 
Mean A al =o Measurements) 
ee ‘ 0356.0(1+) 
6364. 1(On) 6364.3(1+) 6364 .2(1) 
ae 6369 .9(1+) 
6386. 2(0) 6385 .6(1—) 6385 .9(1) 
6390.0(3dd) 
6398 .1(0+) 6398. 1(4) 
Pe 6409. 1(0+-) 6409. 1(3) 6409. 4(2dd) 
6413 .7(1) 6413 .7(0+) 
6431 .3(3) 
6433 .8(0) 6433 .8(0) «6434 .0(2) 6432 .3(1dd) 
6436 .9(2)T 
6447 5(4d) 
6474. 3(0) 6474.3(0) 
6478 6(1d) 
6497 .7(4dd) 
6500 .9(0+-) 6500 .9(0+) 
; 6529 4(1—s) 
6546 .(0) 6546(0) 0547 .5(1+-d) 
6560 . 3(1s) 
bia, 6571. 3(1s) 
6581 . (0-1) 6579 .5(0+) 6580(1) 
ee 0587 .6(1) 
6598 (1) 6597 0(0) 6597 5(4) 


ee 6601. 5(4) 
6622(2) 6619. 8(2) 6620 .7(2+) 6620. 1(8s) 
le 6630 4(3d) 
6642 (0-1) 6641 .6(4) 6041 .8(1) 
6646 &(5) 
66056 6(1—s) 
6674 .6(0) 6674.6(0+) 6672 .1(1+s) 
6688 .7(2+d) 
6704 O(1s) 
6713. 5(1s) 
6734.2(2—dd) 
6749. 5(1dd) 
6770. &(1s) 
6780. 1(2s) 
6790 .(0) 6790(0) 
6799 8(2—dd) 
6804 (0) 6804(0) 
6829 _6(1—d) 
6846 4(0) 6846(0) 6846. 8(1+<d) 
6864. (1+d) 
6928(0) 6928(0+-) 
7041(0) 7041(0) 


t No measurements beyond A 6437. 


one observatory and the agreement of the results from the three institutions. From such 
examinations it would appear that the final mean accepted wave lengths given in Table 3 
should be accurate to within a few tenths of an angstrom, especially for the stronger 
features. It should be noted that most of the emissions, although almost certainly 
molecular bands, appear fairly narrow and sharp, similar to atomic lines, and, unless it 
is otherwise definitely indicated, the wave lengths correspond to their intensity maxima. 
It should also be remarked that a few of the faintest features listed, especially those 


































COMET SPECTRA 149 


which are concentrated near the cometary nucleus where the reflected solar spectrum is 
strong, may possibly be spurious, although it is not thought that many are. 


DISCUSSION 


The strongest unidentified emission feature in the region of cometary spectra under 
discussion is the one at \ 6300. Its total width (on the Victoria plates) is from about 
\ 6296 to \ 6304. With respect to heliocentric distance, it appears to behave in a manner 
similar to that of the \ 4050 group of cometary bands, recently shown by Herzberg? to 
be due to the triatomic molecule CH». At large heliocentric distances, \ 6300 stands out 
conspicuously; for example, in the spectrum of Comet 1942g at r = 1.40 astronomical 
units, there is hardly any trace of CH, and the VH and C2 bands are weak, but » 6300 
and the A 4050 CH/2 group are both quite strong. A number of features near \ 6300, par- 
ticularly one at A 6334, apparently behave similarly with respect to heliocentric distance. 
This group of emissions, which we shall refer to as the “A 6300 group,” since it resembles 
in general behavior the bands near A 4050, which up to the present time constitute the 
only cometary emission features known to be due to a polyatomic molecule, may very 
likely itself be due to a molecule made up of more than two atoms. It appears that the 
behavior of several other of the stronger cometary emissions, including \ 6620 and 
\ 5976, may be similar to that of the \ 6300 group. 

One identification for the \ 6300 group suggests itself, since the strongest feature ap- 
pearing in the visual region of the spectrum of the oxyammonia flame occurs at 6300. 
In the tlame spectrum this is related to the so-called alpha band of ammonia which covers 
a large part of the yellow and near-red spectral regions and which has been photographed 
in the spectra of many different flame* and discharge-tube* sources. Its structure, as 
revealed by the study of Rimmer, who used relatively high dispersion, is very complex. 
He measured some three hundred individual lines of the more than an estimated three 
thousand observable lines. Reproductions of low-dispersion spectrograms of the hydro- 
gen-nitrous oxide and methane-nitrous oxide flames, in which the alpha band is present, 
have recently been published by Gaydon.’ In the hydrogen-nitrous oxide flame spec- 
trum two intensity maxima at about A 6300 and \ 6330, which Gaydon found to vary 
somewhat in intensity from plate to plate, are outstanding; but for the methane-nitrous 
oxide tlame these features are not at all prominent. From his observations Gaydon con- 
cluded that “it may be that the structures [A 6300 and \ 6330] are not of the same origin 
as the rest of the alpha band or that for some reason they are particularly sensitive to 
changes in the temperature of the flame.” In Eder and Valenta’s* reproduction of the 
spectrum of the ammonia-oxygen flame the features at \ 6300 and A 6330 are conspicu- 
ous. In 1927 Hulthén and Nakamura’® suggested that the alpha band “‘is emitted by the 
excited NH; or NHe molecules or a mixture of both, as one can distinguish with some 
degree of certainty two different systems in alpha.’’ Whatever doubt may remain as to 
the molecules which actually give rise to the alpha band, it is almost certain that they 
must be a polyatomic nitrogen-hydrogen combination or combinations (likely not ion- 
ized), and it is almost certain that NH, plays the dominant role. 

The electronic structure of V2 has been considered by Mulliken,‘ and he has kindly 
provided us with some information additional to that given in the reference cited. The 
energy-level diagram (Fig. 1) indicates the nature of the expected transitions on the 


> Rev. Mod. Phys., 14, 195, 1942; Ap. J., 96, 314, 1942. 


3 Eder, Denkschr. Wien. Akad., 60, 1, 1893, Eder and Valenta, Atlas typischer S pektren (Vienna), p. 10, 
1911; Reis, Zs. f. phys. Chem., 76, 560, 1911; Fowler and Badami (hydrogen-nitrous oxide flame), Proc. 
R. Soc., A, 133, 325, 1931; Gaydon (hydrogen-nitrous oxide and methane-nitrous oxide flames), Proc. 
R. Soc., A, 181, 197, 1942. 

4 Rimmer, Proc. R. Soc., A, 103, 696, 1923. 

5 Nature, 119, 235, 1927. 6 J. Chem. Phys., 1, 500, 1933 (Table 1). 
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assumption that the apex angle is fairly wide, as may be inferred by analogy with Herz- 
berg’s interpretation of the A 4050 cometary group of CH» bands.” The diagram suggests 
that there might be observable NH2 spectra in the visible region, for it seems hardly 
likely that the interval between °B, and 2Be could be more than 4 volts. The position of 
the level 7A; would depend a good deal upon the apex angle; for a smaller apex angle such 
as that of H:O the levels 7A; and ?Bz might be close together or might even reverse 
in position. 

From these considerations it appears that there could be either one or two moderately 
intense electronic band systems of VHz in the visible region. It is also possible that the 
molecule could have an almost metastable level in case the highest level shown in Fig- 
ure 1 should actually be the middle one. However, this is improbable.‘ 

Certain general considerations which are in harmony with the proposed presence of 
N Hz in cometary heads may be pointed out. The VH bands occur strongly in cometary 
spectra. The presence of VH molecules is most reasonably accounted for as a result 

of the photodissociation of chemically stable mole- 
2 cules, probably ammonia, V/H/;, liberated from the 
B solid constituents of the cometary nucleus. Since it 

- is known® that the photo-chemical decomposition of 
ammonia takes place almost exclusively according to 
the reaction 











NH; +hv—-> NH.+ H, 


the presence in cometary heads of .V//2 is most proba- 
ble. Data from which it may be inferred that the 
2 somewhat analogous dissociation process, with car- 

| bon replacing nitrogen, is taking place in cometary 
/ gases are very definite. In this case the parent- 
molecule is probably CH, (and perhaps also other 
saturated hydrocarbons), and the CH/ as well as the 
CH, bands are known to occur in cometary spectra. 

In the absence of an analysis of the alpha band, it is impossible to predict in detail 
the structure of the emission spectrum expected from cometary .VH, molecules excited 
by the resonance mechanism, taking into consideration the profile of the exciting solar 
radiation. All we can do is to compare as well as possible the wave lengths of the emis- 
sion maxima in the spectrum of a source of the alpha bands with the emission features 
in the cometary spectrum. It must be understood that, since we cannot duplicate in the 
production of the alpha band in the laboratory the excitation conditions obtaining in a 
cometary head (generally speaking, this corresponds to an effective temperature of a 
few hundred degrees absolute), slight differences in wave length and greater ones in in- 
tensity would be expected in any comparison made. 

In order to try to obtain as valid a comparison as possible, an oxyammonia tlame was 
set up in the laboratory at the Dominion Astrophysical Observatory. The ammonia 
was obtained by heating concentrated ammonium hydroxide and the oxygen from a 
small commercial tank; the gas was burned, using a glass-blowing torch. The ammonia 
(undried) came through the centra! orifice of the burner and the oxygen through a cir- 
cular opening surrounding the orifice. There was thus no mixing of the gases before com- 
bustion; the result attained was therefore very closely that of ammonia burning in an 


oe ei ee 








Fic. 1.—Electronic energy-level 
diagram of VH,. 


7 The data on the electronic structure of .V//, are quoted from a private communication from Dr. R. S. 


Mulliken. 


® Farkas and Harteck, Zs. f. phys. Chem., 27B, 111, 1934. We do not exclude the possibility that 
hydrazine molecules (.V2//;) might play some role in the production of .V//, or \H1. 
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atmosphere of oxygen. Spectrograms oi the yellow-colored flame were obtained with a 
stellar spectrograph (single-glass prism), giving a dispersion of 130 A/mm at Ha (almost 
twice that used for the comets). The same type of plate used for Comet 1942g (Eastman 
103-F) was employed. A reproduction of enlargements of a spectrogram of Comet 1942g 
and of the oxyammonia flame spectrum obtained at Victoria are shown side by side in 
Plate XIII. In these reproductions the prominent features at \ 6300 and \ 6333 match 
well, as also do a number of others, notably those at \ 5977 and \ 6620. The wave lengths 
of all the emission features on two of the oxyammonia flame spectrograms were meas- 
ured. They are listed in Table 3, which, as well as presenting the finally adopted mean 
wave lengths of the cometary emissions, shows a comparison between these and the 
wave lengths of the emission maxima in the oxyammonia flame spectrum. The table 
also includes a column giving wave lengths of strong lines and groups of lines measured 
by Rimmer on high-dispersion spectrograms of the alpha band. It is seen that there are 
some twenty approximate wave-length coincidences (taking about 2 angstrom units as 
the maximum allowable difference) between the forty-odd cometary wave lengths and 
sixty-seven flame-spectrum wave lengths. The general correspondence in relative in- 
tensity of these coincidences also seems fairly good. It may be noted that the only fea- 
tures, other than those listed here, obtained on plates of the oxyammonia flame spectrum 
using Eastman F-type emulsion and a quartz spectrograph, were the \ 3360 NH band 
and the A 3064 and A 2811 OH bands. 

We suggest that a number of these coincidences are real and that several of the strong- 
est features in the emission spectra of the comets are due to the molecule responsible for 
at least part of the oxyammonia flame spectrum, this molecule probably being N Hz. 
This identification must be considered to be somewhat tentative. For example, the in- 
tense emissions at Ad 6299.3, 5977.2, 5694.6, and 5445.0 (and perhaps the weaker 
\ 6674.6) are so spaced in wave length as to be interpretable as a v’ progression of bands 
emitted by a diatomic molecule. However, the prominence of the strong AA 6299.3, 
5977.2, etc., bands at comparatively large distances from the sun, as stressed earlier, 
and the wave-length agreements with the oxyammonia flame spectrum definitely favor 
the polyatomic emitter. 

Assuming this tentative identification to be true, there remains, however, a consider- 
able number of unidentified features. Concerning these the following remarks may be 
made: 

a) The cometary line, \ 4839, is near to the strong Vegard-Kaplan band of Ne at 
\ 4837.1. However, this identification is very doubtful indeed, since other Vegard-Kap- 
lan bands of similar intensity in the spectrum of the night sky are absent. 

b) The ieatures at \ 4868 and \ 4971 are close to the wave lengths of the unidentified 
absorption bands at \ 4866 and \ 4975 first found by Sanford® and Shane" in the spectra 
of certain N-type stars. In the carbon stars, \ 4976 was tentatively attributed by 
Wurm! to the convergence of the Av = 0 sequence of the Swan system of Cs. A recent 
unpublished study of these bands in the spectrum of RY Draconis by one of the authors 
(A. McK.) leads to the conclusion that this identification is almost certainly untenable. 
Reasons for such a conclusion include the following: (1) The wave length of the band 
differs by several angstrom units from the convergence wave length calculated from the 
accurate molecular constants of Cs. (2) In the spectrum of RY Draconis the C2; Swan 
bands are quite weak, while the unidentified bands, including \ 4975, are extremely 
strong. (3) From certain regularities among the unidentified bands, quantities can be 
derived which are probably the vibrational constants of the molecule responsible for the 
bands. These do not agree with any known vibrational constants of C,. (4) The uniden- 
tified bands do not exhibit any isotope effect such as would be expected from a diatomic 


» Pub. A.S.P., 38, 177, 1926. 
10 Lick Obs. Bull., 13, 123, 1928. Zs. f. Ap., 13, 179, 1936. 






























152 P. SWINGS, A. McKELLAR, AND R. MINKOWSKI 
molecule containing even one, much less both, of its atoms carbon. Therefore, even if 
the cometary emissions are identical with the above bands (and this is by no means cer- 
tain), the identity of the molecule responsible for them remains a mystery. 

c) The three cometary emissions at AA 5318, 5326, and 5336 may possibly be identified 
with a new system of N2 very recently found by Gaydon.” 

d) Certain band heads of the red CN system may contribute to cometary features of 
the visual region. 

e) The features included in the table of cometary wave lengths at A 6059.5 and 
\ 6120.9 are partly due to the 2, 4 (A 6059.7) and 1, 3 (A 6122.1) bands of the Cz Swan 
system. 

f) The cometary emission at 5996 is almost certainly not due to VO*. A strong 
band with origin at \ 5999 has been attributed'* to NO*, but by comparison with the 
isoelectronic molecule CO it is certain that this band cannot be a resonance transition of 
NO*. By analogy with CO we should expect the absorption required to reach the upper 
electronic level of the \ 5999 band of NO* to have to take place in the far ultraviolet, 
hence excitation by solar radiation to be very inefficient. 

g) The cometary emissions at \ 6300 and \ 6364 may be occasionally blended with 
the [O 1] lines of the night-sky radiation. 

h) The features at AA 6053, 6097, 6148, and 6200 differ in their appearance from all 
other features in the visual region. They appear as wide bands, not degraded in either 
direction, on a faint background. They may be of common origin. 

An interesting sidelight in connection with the investigation herein described is that 
the three authors, while studying the spectrum of Comet Whipple II (1942g) at their 
respective observatories early in 1943, within a few days of one another quite inde- 
pendently came to the same conclusion regarding the suggested \//2 identifications. 
Upon learning of this double coincidence through correspondence, they decided to col- 
laborate in the publishing of their combined material. 


We wish to express our thanks to Dr. R. S. Mulliken and Dr. G. Herzberg for valuable 
suggestions and discussions. 


12 Nature, 151, 167, 1943. 
13 Duffieux and Grillet, C.R., 202, 937, 1936; Jausseran, Grillet, and Duffieux, C.R., 205, 39, 1937. 











T- 
= 


of 





SUPPLEMENT TO THE MOUNT WILSON CATALOGUE AND BIB- 
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ABSTRACT 
The Supplement lists 250 additional bright-line stars of classes B and A. Numerous notes record un- 
published data concerning stars in the original Catalogue, as well as those in the Supplement. The chief 
features of some of the more interesting spectra are indicated. 
The bibliography lists 407 articles (of which 386 have been published since 1932) that give observa- 
tional material concerning stars in the Catalogue and the Supplement. References to individual stars may 
be found from the key to the bibliography. 


During the ten years since the Catalogue and Bibliography of Stars of Classes B and A 
Whose Spectra Have Bright Hydrogen Lines' was compiled, 250 additional bright-line 
stars of these spectral classes have been discovered at various observatories. References 
to many of these stars are scattered in the literature;? other discoveries have not yet been 
published but have been communicated to us privately. The present list includes all 
the recently discovered stars that in any way have come to our attention. This Supple- 
ment, together with the original Catalogue, should form a fairly complete list of the bright- 
line stars of classes B and A known on January 1, 1943. 

About twenty astronomers, including several of our colleagues at Mount Wilson, have 
supplied unpublished material or assisted in other ways. To all these gentlemen we ex- 
press our sincere thanks. A special word of appreciation is due Dr. O. Struve and 
Dr. D. B. McLaughlin, whose co-operation has greatly increased the value of the notes. 


DESCRIPTION OF TABLE 1 


Table 1 has the same form as the original Catalogue; description continued on page 158. 


Col Heading 
1 MWC Mount Wilson Catalogue current number. 
2 HD The number of the star in the Henry Draper Catalogue (Harvard Annals, 


Vols. 91-99). Numbers larger than 225,300 are from the Henry Draper 
Extension (ibtd., Vol. 100). 

3 Desig. The name by which the star is commonly known, or the Durchmusterung 
number (in the system employed in the Henry Draper Catalogue). For a 
few faint stars lacking Durchmusterung numbers, MtW refers to the third 
Mount Wilson Discovery List of Be Stars (Mt. W. Contr., No. 664; Ap. J., 
96, 15, 1942); MHa refers to a certain series of objective-prism spectro- 
grams taken with the 10-inch telescope on Mount Wilson. A few special 
designations are explained in the notes. 

4,5 R.A., Dec. Right ascension and declination for 1900. 

/ ib Galactic longitude and latitude for the pole, R.A. = 12540", Dec. = +28° 
(1900). 


* Contributions from the Mount Wilson Observatory, Carnegie Institution of Washington, No. 682. 


| Mt. W. Contr., No. 471; Ap. J., 78, 87, 1933. 


-Of the stars discovered at Mount Wilson, 101 were listed in Mt. W. Contr., No. 664; Ap. J.,.96, 15, 
1942; 65 others are included in the Supplement. 
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TABLE 1 
STARS OF CLASSES B AND A WHOSE SPECTRA HAVE BRIGHT HYDROGEN LINES 


(SUPPLEMENT) 


R.A. Dec. 


MW ¢ HD Desig. 1900 1900 l b Mag r'ype 
PRR Aco oe aad on a SX Cas Ob 5™5 + 54° 20’ 85° i | Ay cA6e 
418 : 50 0 12.1 +57 20 86 4 9 4 B3ne 
419. 154 0 37.5 +61 22 90 1 2:5 Beq 
420. 6811 @ And es ea +46 42 94 15 4.3 B8&e 
421. : Berg. 8-1680 .. 53 +61 47 93 0 oie BO0e 
422 Berg. 8-1720 1 8.4 +61 25 93 0 kt 2 Be 
423. NGC 457 No. 4 Lb 22.6 +57 40 94 4 9 8 B3e 
424. 7902 257 1 13.6 +57 40 94 - 4 7.9 cB5ea 
425. ae 250 1 20.8 +59 36 95 2 9.5 B(O)e 
426 9709 393 1 30.0 +46 36 99 -15 7.0 B8ne 
427 ce hg AZ Cas 1 35.5 +60 55 97 0 iS ee Be 
428 325 1 38.4 +60 37 97 - | 9.5 B2e 
429 232534 360 1 42.2 +50 38 100 10 92 B2e 
430. MtW 239 1 48.6 +060 37 98 0 10.5 BiOje 
431 44] 1 49.4 +56 4 100 5 9.4 B2e 
432. MtW 241 1 50.1 +57 11 99 3 10 BOe 
433 MtW 242 1 51.6 +60 9 99 1 10 BOe 
434 230917 458 1 $2.3 +55 39 100 5 9 3 B4nea 
435 236940 489 1 58.0 +55 47 101 5 9 0 BOne 
436 12953 494 f egies Spa | +57 57 101 2 5.9 cA2ea 
437 MtW 244 2 £5 +57 27 101 3 10.5 B(O)ne 
438 MHa 5(63 2 “538 +60 17 100 0 10 Be 
439 13429 483 2) “62 +54 39 102 5 9 0 B5ne 
440 MtW 246 2 9.4 +59 19 101 1 10 B(3)e 
441 473 2 10.0 +56 40 102 3 8.7 B3e 
442 13867 614 2 10.0 +49 22 105 —10 pay B8e 
443 13890 478 2 40.2 +56 19 102 — 4 8.9 B3e 
444 484 2 10-7 +56 26 102 a Og B(O)ne 
445 548 2-35:6 +56 51 103 3 92 B2e 
446. 589 213.9 +55 56 103 } 9.5 B(2)ne 
447 MtW 253 Ae Soe | +56 30 103 3 10 3 B(O)ne 
448 . MtW 254 2 26.3 +56 51 103 3 10 B(O)ne 
449 MtW 255 2 17.6 +56 55 103 3 10 B(1)ne 
450 MHa 125(18 21857 +60 20 102 + 1 11 se 
451 230970 643 2 26.2 +55 53 105 3 87.) Be 
452 457 aE ie +62 22 103 + 3 9 2 Bne 
453 MHa 125(13 2.378 +61 11 104 + 2 10.5 Be 
454 MHa 125(52 2 S18 +57 17 107 0) 10 Be 
455 18552 675 2 53:8 +37 45 117 17 5.9 B9e 
456 628 > 0:4 +61 1 106 + 3 10.8 B(6)ne 
457 20097 SSS , 24 +49 30 113 6 8 4 39nea 
458 237118 632 3 12.0 +59 31 108 + 3 9 0 B&ne 
459 MHa 7(6 3 19.4 +48 38 115 5 10 Be 
460 237146 661 3 21.6 +59 34 109 + 4 9 0) B3e 
461. 21389 607 3 21.9 +58 32 110 + 3 Hes cA0ea 
462 MHa 7(14 Se +50 25 116 3 11 Be 
463 22780 811 3 34.6 +37 16 124 14 5.6 B5e 
464 23552 825 3 41.0 +50 26 117 2 5.9 B&e 
465 MtW 258 3 46.8 +46 36 120 } 9 8 BOne 
466 MHa 50(30 3 56.6 +52 2 118 + | 10.5 Be 
467 25487 RW Tau 35728 +27 51 135 17 Riv B9e 
468 26398 567 4 54 +16 22 145 23 1.0 B6e 
469 232925 946 - 7.4 +50 36 120 + 1 &8 B8e 
470 MHa 58(21 a: 40.3 +53 22 118 + 3 eS Be 
471 MHa 58(22 4 13.6 +55 36 117 + 5 11 B3e 
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CATALOGUE OF Be AND Ae STARS 


TABLE 1—Continued 


R.A. Dec. 


MWC HD Desig. 1900 1900 l b Mag. Type 
588 153295 11737 16534 —42°10’; 312°; — 1° 9.9 Bne 
589 154090 k Sco 16 58.2 —33 59 319 + 3 4.9 cBlea 
590 156831 13276 | 17 14.6 —24 10 329 + 6 9.2 B8e 
591 ee HV 5491 17 33.6 —47 0 312 —10 12.v Pec 
592 161004 11866 17 38.0 —27 25 329 0 8.1 Bone 
593 me 13510 17 43.0 —24 12 332 0 9.4 BOne 
594 162428 3264 17 45.9 +24 29 17 +23 7.0 B9e 
595 4494 7-55. —22 15 335 — 1 9.4 BOne 
596 166443 5020 1S 3:5 —20 44 338 — 2 8.7 BOe 
597 160568 4829 18 6.1 —18 45 340 — 2 10.3 B2e 
598 166937 p Ser 18 7.8 —21 5 338 — 3 4.0 cB8ea 
599 107311 4953 18 9.5 —12 32 345 + 1 3 B2ne 
600 AR Pav 18 10.3 —66 7| 296 —23 | (9.)v Beq 
601 168797 3704 18 16.5 + 5 24 2 + 8 6.0 B5ne 
602 169033 5024 18 17.6 —12 3 347 — 1 5.4 B8e 
603 Sane 18 18.0 +23 24 19 +15 | (11.) Be 
604 171780 3245 18 31.6 +34 22 30 +17 5.9 B5ne 
605 172175 4642 18 33.6 - 757 352 —2 9.4 BOne 
606 172256 4820 18 34.1 —22 45 339 — 9 8.9 B5e 
607 173637 4702 18 41.2 — 8 2 353 — 4 9.2 BOe 
608 174237 2280 18 44.5 +52 53 50 +21 5.8 B5e 
609 174513 4740 18 45.7 — 7 54 354 — 5 8.9 Ble 
610 174571 3866 18 46.0 + 8 35 8 + 3 8.4 B2e 
611 175754 5242 2 a 19 17 344 —11 7.0 BOne 
612 230211 3720 18 52.9 +14 16 14 + 4 9.4 B4e 
613 230780 3803 19 4.7 +14 58 16 + 2 9 4 Be 
614 179218 3721 19 6.6 +15 37 17 + 2 pe B9e 
615 179405 5063 19 7.3 — 6 38 357 — 9 8.6 B5e 
616 181606 4034 19 16.0 + 7 10 11 — 5 9.8 B8e 
617 181803 4053 19 16.8 + 8 41 12 —4 8.9 B9e 
618 183914 B? Cyg 19 26.7 +27 40 30 | + 3 5.4 B9ne 
619 185037 3619 19 32.2 +36 43 38} +7 5.9 B9e 
620 186456 4197 19 39.4 + 7 21 14 — ¢ bea B3ne 
621 187350 3834 19 44.4 - 1 21 6 —15 8.7 BOe 
622 MHa 92(4) 19 48.4 +29 34 34 0} (12.0) Be 
623 MtW 295 19 $2.5 +30 49 35 0 10.5 Bep 
624 189687 25 Cyg 19 56.2 +36 46 4] + 3 Sea B3e 
625 189689 3662 19 56.2 +32 31 37 + 1 tz B&e 
626 3863 19 58.0 +29 18 By — 2 9.1 B5ne 
627 MtW 297 20 0.7 +28 53 35 — 3 9 6 O8ne 
628 227836 3981 20 4.3 +35 50 41 + 1 9.6 Bve 
629 228104 4004 20 6.9 +35 35 41 0 9 0 B(3)ne 
630 228256 4076 20 8.4 +39 43 44 + 3 11.0 Bne 
631 3749 20 9.7 +32 15 39 — 2 9.5 BOne 
632 193182 4115 20 13.8 +39 16 45 + | 6.6 Ape 
633 MHa 76(20) 20 18.8 +37 34 44 0 | (10.5) Be 
634 194279 4150 20 19.7 +40 26 46 + | 7.0 BOe 
635 MHa 76(21) 20 20.4 +37 13 44 — 1} (11.) Be 
636 4093 20: 25::5 +38 35 45 0} (10.) Be 
637 195554 2411 20 27.0 +55 44 59 + 9 5.9 B9e 
638 235474 3027 21 13.4 +52 4 61 + 2 8.9 B2e 
639 3264 21 14.8 +46 51 58 — 2 32 B2e 
640 3913 2 2i50 +44 1 a 5} 8.4 B3ne 
641 205551 3091 21 31.0 +51 15 63 — | 6.0 B9e 
642 205618 4453 21 31.4 +29 18 48 —17 8.4 Bne 
643 239758 2320 Zi 44:5 +58 36 68 + 4 9 0 B5ne 
644 208057 16 Peg 21 48.5 +25 27 48 —22 5.0 B3e 
645 La MHa 47(16) 21 49.9 +52 32 66 — 1) (12.5) Bep 








No 


3 MWC Nos. 411-416 were given to stars with ‘‘combination”’ spectra. 
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R.A Dec 
MW( HD Desig. oe poe I b Ma l'ype 
646... 235668 3496 215531 +51° 6’ 65° S- 8.0 B3e 
647... 235079 2749 Zi 35:0 +54 0 67 1 8.8 B2e 
648... 3656 21-371 +47 42 64 — 6 8.0 B(3)e 
649 3718 21 57.8 +49 41 65 — 4 8.9 B3e 
650 209522 15757 21 58.9 —27 19 352 54 5.8 B5e 
651. 239855 2681 22 3-9 +55 51 69 0 9.4 Ae 
652 211835 3879 22 14.9 +45 18 65 —10 8.5 B2ne 
653 212791 3372 22 21.8 +51 56 69 5 8.2 B3ne 
654 213129 3711 22 24.2 +46 57 67 9 8.6 B2ne 
655 240010 2783 22 34.6 +55 19 73 Z 9.1 BOne 
656 215227 4279 22 35.6 +44 12 08 13 8.7 BOe 
657 MHa 73(36 22 38.9 +59 53 75 + | 12 Be 
658 215605 2597 22 41.3 +57 20 f Sn 1 a5 se 
659 MtW 309 22 43.7 +56 45 75 2 9 4 BOne 
660 216851 4538 22.51.35 +43 2 70 15 Baik B3ne 
661 220582 4770 23 19.8 +24 57 08 34 ipa? Bie 
662 221692 3028 23-202 +56 41 80 { 8.6 B9ne 
663 223385 2533 23 44.0 +61 40 &3 0 5.6 cA2ea 
664 2786 23 48.9 +59 49 84 2 Q 3 Oe 
665 240458 3057 2352.5 +55 18 83 6 9 3 B4ne 
666 224905 2813 23 56.6 +59 54 85 2 9.2 B4ea 
DESCRIPTION OF TABLE 1—-Continued 
Col. Heading 
8 Mag. Most of the values are visual magnitudes taken from the Henry Draper 
Catalogue or the Durchmusterung; those for MtW and MHa stars were 
estimated by observers at Mount Wilson. Photographic magnitudes are 
in italics. 
9 Type The symbols have their usual meaning. In the original Catalogue the spec- 


tral types of a number of stars, mostly c stars, have the descriptive sym- 
bol ‘‘s,” indicating sharp lines. We have now given up this symbol be- 
cause it does not distinguish supergiants (c stars) from subluminous stars 
with narrow lines. In this Supplement, stars believed to be supergiants 
have the symbol c. The following are probably c stars: MWC 7, 13, 31, 
32, 45, 132, 243, 266, 274?, 291, 294, 313, 317, 326, 347, 351, 353, 358, 
397, 403, 404, 408, 417, 424, 436, 461, 487, 536, 570, 589, 598, 663 


NOTES TO TABLE 1 (SUPPLEMENT) AND ADDITIONAL NOTES 
TO THE ORIGINAL CATALOGUE 


Notes to Table 1, MWC Nos. 417-666, with additional notes to the original Catalogue (Mt. W. Contr., 
. 471; Ap. J., 78, 87, 1933), MWC Nos. 1-410.° These notes record unpublished data and in addition 


call attention to the chief features of some of the more interesting spectra. 
MWC 
a 


HD 108. The numerous emission lines are subject to changes in intensity which merit further in- 
vestigation. 

HD 698. A double-line spectroscopic binary, period 55.9 days. Although the lines are rather nar 
row and it was once classed as a ¢ star, it is probably not a supergiant. Ha is a broad emission line 
on a grating spectrogram taken at Mount Wilson on November 24, 1934 

HD 2905, x Cas. Ha isa bright line of low intensity on grating spectrograms taken at Mount Wilson 
in 1932, 1933, 1934, and 1935. Dark D3 Het may have weak emission on its red edge 

HD 4180, o Cas. ‘‘Weak double emission at 78 has perhaps shown a slight intensification from No- 
vember, 1938, to January, 1943.”—D. B. McLAuGHLIN. 

HD 5394, y Cas. ‘For many years prior to 1927 the spectrum and brightness had been practically 
constant. In 1927 there began a series of changes in the relative intensities of the two components 
of the bright lines. In 1934 and 1937 the over-all widths of the bright lines were much reduced, and 
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MWC 


the components became blended; during these single-line stages the bright lines were exceedingly 
strong, many new lines being measured by R. B. Baldwin. After 1937 the intensities of the bright 
lines decreased until, in 1942, only Ha and 7/8 were visible. In 1933, before the first single-line stage, 
the absorption cores between the bright components of the hydrogen lines became slightly stronger 
and then returned to normal. For a few months in 1936, preceding the single-line stage in 1937, the 
absorption cores of H and Het were greatly strengthened. In 1940 these sharp shell lines were ex- 
ceedingly strong but during the year gradually decreased in intensity, with irregular variations 
which occasionally took place between successive nights. Since 1941 the sharp absorption lines have 
not been seen; as these lines disappeared, the broad underlying absorption lines of Ou, Si Iv, etc., 
became appreciably stronger. Early in 1943 the spectrum was that of a normal Be star with faint 
double bright lines at Ha and H8; bright lines of Fe 1, prominent before 1927, were not visible.”’ 
O. STRUVE. 


SuMMARY BY D. B. McLAUGHLIN 


1936 Mar. H and Feu emission wide double, R => V. Strong sharp H central absorption and 
strong sharp He1 absorption. 
Sept. Emissions narrowing, V > R. Sharp H and Het absorption disappearing. 

1937 Aug. H, Fe 1, Het strong single emission. No absorption lines. 

1938 June. H emission widening. Strong Het emission. No absorption. 

1939 Feb. H emission of medium width, R > V. Het emission double, weaker. Fe 11 emission 
very weak or absent. Sharp H central absorption and sharp He 1 absorption have returned. 

1939 Oct.—1940 June. H emission weakening, R ~ V. Hei emission gone. Extremely strong 
sharp 17 and Het shell-absorption lines. 

1940 Nov.—1941 Jan. H emission and shell absorption both weakening. 

1941 June—1943 Mar. A pure BOnn spectrum, except for possible trace of H8 emission. 





1.0 
MAG. 
1.5 





2.0 


2.5 














3.0 
1932 34 36 38 40 1942 


Fic. 1.—Approximate light-curve of y Cassiopeiae 


16. HD 10516, @ Per. Spectroscopic binary, period 127 days. ‘“‘The spectrum is characterized by rela- 


tively strong double emission lines of H and Fe 11, whose over-all widths are about 7 A. The ab- 
sorption spectrum consists of conspicuous deep cores in the H lines; of similar cores of variable in- 
tensity in the (28P—n8D) series of He 1; and of exceedingly broad lines of the (2'P—n!D) series of 
Het. The displacements of the cores of 1 and Het undergo variations in a constant period of 127 
days (cf. ¢ Tau, period 133 days). The bright lines change in such a way that the violet components 
are relatively strong when the sharp dark cores have a red shift. Several other periodic changes 
have been observed. O. Struve suggests that “prominence” action along the line joining the two 
stars feeds atoms into a rapidly rotating shell.””—O. StRUvVE. 


. MW 101. The spectrum has numerous bright lines, including those of H, He1, [O 1], Fe 1, [Fe 1], 


|Fe 11]. 


. Companion to o Cet, (HD 14386). “The visual companion (distance 078, position angle 135°) is 


an irregular variable which can be observed only when the Me variable is near minimum light. 
Since it is from 0.5 to 2 mag. fainter than the red variable at minimum, it can be seen only in the 
best seeing. The spectrum consists of a continuous background with emission lines of H, He 1, 
Catt (H and K), and Fett. The distribution of light and the presence of helium suggest the spec- 
tral type B8ep. The hydrogen lines are 8-9 A wide and very strong, with a rapid decrement toward 
the violet. They consist of a strong emission component on the red side, a deep absorption line 2 A 











160 


MWC 


47. 


65. 


69. 


wh *) 


40. 


90. 


95. 


96. 


98. 


100. 


102. 
106. 
108. 


110. 


eee 


poh fh pe 
— ek ee 
Ui abd 


PAUL W. MERRILL AND CORA G. BURWELL 


NOTES TO TABLE 1 (SUPPLEMENT) AND ADDITIONAL NOTES 
TO THE ORIGINAL CATALOGU E—Continued 


wide, displaced about 1 A toward the violet, and at times a violet emission component. This violet 
component was best seen in 1921-1925; it then reached its greatest strength about 210 days after 
the times of maxima of the Me star and was nearly equal to the red component. Since 1929 it has 
been weak or absent on Mount Wilson spectrograms, and the hydrogen lines thus resemble in ap- 
pearance those of P Cygni. The other bright lines are fairly narrow and are in their normal positions. 
Except for the displaced hydrogen cores, no absorption spectrum has been found.’’—A. H. Joy. 
HD 15238. “The spectrum is that of a typical shell.’”,-—Swincs and StRvuvE. 

HD 20336. The strong double emission became less intense from 1930 to 1939. According to 
W. J. S. Lockyer and D. B. McLaughlin, the structure of the bright lines varies in a period of about 
43 years. 

HD 22192, y Per. The emission at Ha is very strong, with a narrow dark core. On a grating spec- 
trogram taken at Mount Wilson on November 16, 1932, the width of the bright Ha including the 
wings is about 28 A; the width of the main portion of the bright line is 22 A. No appreciable changes 
in the emission lines have been noted recently. 


. HD 23302, 17 Tau, Electra. Emission at Ha has probably been weaker recently than in 1912. 
. HD 23480, 23 Tau, Merope. ‘“‘The emission at H8 disappeared between November, 1936, and No- 


vember, 1937, and had not reappeared in October, 1942.”—D. B. MCLAUGHLIN. 


. HD 23862, 28 Tau, Pleione. The reappearance of bright hydrogen lines after an absence of about 


thirty-three years was detected in October, 1938, by O. Mohler and by D. B. McLaughlin. A weak 
absorption spectrum of the a Cygni type, then seen for the first time, has continuously increased in 
intensity until in March, 1943, it was stronger than that of a Cygni itself. Struve and Swings report 
small oscillations in the positions of the lines, but the mean radial velocity does not differ greatly 
from that before the outburst. The central intensities of the sharp hydrogen cores are not more 
than a few per cent of that of the continuous spectrum. In November, 1941, the spectrum was re- 
markably similar to that of HD 193182 (MWC 632). 

HD 24534, X Per. Ha and D3 Het are bright on a grating spectrogram taken at Mount Wilson on 
October 26, 1934. Ha is somewhat unsymmetrical, being stronger on the long-wave-length side. 
D3, although much weaker, probably has similar structure. According to D. B. McLaughlin, V/R 
variations continue in an irregular cycle of two to four years. 

MW 146. Bergedorfer Spektral-Durchmusterung, Area 24, No. 1094. Type B3. Type according to 
Seyfert and Popper, B5ne8. 


3. HD 31293, AB Aur. Observations by R. F. Sanford at Mount Wilson and by Swings and Struve 


at McDonald show that the dark cores, previously observed by Merrill and Burwell to have dis- 
placements varying from about —12 km/sec to —120 km/sec (while the wings remained nearly 
fixed), have recently become much less conspicuous. The star thus appears to offer an example of 
a temporary expanding shell. 
HD 32256. Probably does not belong in the Catalogue. Apparently a nebula. 
HD 32343,11 Cam. “The emission was strong in 1938, having just recovered from an extended peri 
od of weakness. It was again weak in February, 1942, but strong in January, 1943.’’—D. B. Mc- 
LAUGHLIN. 
HD 32991, 105 Tau. ““V/R ranges from 2.0 to 0.5. The spectrum has just about completed one cycle 
of variation in the interval 1930-1943.”—D. B. McLAuGHLIN. 

Ha is an extraordinarily intense emission line on grating spectrograms taken at Mount Wilson 
on February 26, 1932, and December 23, 1934. 
HD 33232. Displacements of the lines vary in a period of 3710 days. Lines of Fe 1, Si, and Mg 11 
have greater amplitudes than H lines; Ca 1 and Het lines, smaller amplitudes. As the position of 
the dark H line varies, the accompanying emission appears to shift from the red to the violet edge. 
HD 33540. Probably does not belong in the Catalogue. Apparently a small planetary nebula. 
HD 269217. 
HD 35343, S Dor. According to S. Gaposchkin, this very luminous star is an eclipsing variable, 
period 40.2 years. 
HD 35439, 25 Ori. ‘“The hydrogen emission lines began to weaken about 1934. They were still meas 
urable in 1939, but since 1940 the spectrum has appeared almost like a normal one of type Bnn. 
Miss Dodson pointed out a decrease in the range of V/R as the emission faded.” —D. B. McLauGu 
LIN. 
HD 36576, 120 Tau. ‘‘The emission was somewhat weaker in 1941 and 1943 than it had been in 
several preceding years.” —D. B. McLAUGHLIN. 


. HD 269582, HV 5495. 
3. HD 269599. 
. HD 37202, ¢ Tau. Spectroscopic binary, period 133 days. The bright hydrogen lines, except Ha, 


are weak, but the dark cores are strong and well defined. Broad absorption wings characteristic of 
Stark effect are present. On a grating spectrogram taken at Mount Wilson on January 3, 1925, the 
total width of the strong bright Ha line is about 36 A; the width of the main portion of the bright 
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line is 24 A. The dark central core is wide and strong. The emission lines undergo slow changes, es- 
pecially in the relative intensities of the components, but these changes do not seem to be related 
to the 133-day period. Of the dark lines of He 1, those from metastable levels are narrow, while those 
from other levels are wide. The velocity-curve, whose period has remained sensibly constant since 
the observations by W. S. Adams in 1905, shows a disturbance in the vicinity of the gamma axis. 
The displacements and intensities of the shell lines vary from cycle to cycle. O. Struve suggests 
“prominence” action along the line joining the two stars. 

. HD 38489. According to Miss A. J. Cannon, reference 609, the DM number should be —69°479 
instead of —69°478. 

. HD 44458. “Large variations of V/R have continued probably in an irregular cycle of about two 
years.” —D. B. McLAUGHLIN. 

. HD 45725, 8 Mon A. ‘‘As observed at Yerkes the spectrum had strong and sharp absorption cores 
of H between wide components of emission in 1918, 1920, 1924, and 1931. In 1942 these deep ab- 
sorption cores (of the shell) had almost completely vanished, although the bright line at HB was 
strong and at Hy rather weak. Recent plates taken at Yerkes show that 8 Mon B, the intermediate 
component of this triple star, does not have bright lines.”,—O. STRUVE. 

“Conspicuous slow changes occur in V/R. The change from V > R to V < R took place in 1935- 
1936; that from V < R to V > R in 1942. The cycle appears to be about 13 years. Central ab- 
sorption was present in // lines in 1942-1943 on Michigan plates.”—D. B. McLAUGHLIN. 

Ha is an intense emission line with a very strong narrow absorption core on a grating spectro- 
gram of 8 Mon A taken at Mount Wilson on February 15, 1935. 

HD 45910, AX Mon. 


55. HD 50013, x CMa. Ha has two widely separated bright components of low intensity on a grating 


spectrogram taken at Mount Wilson on October 26, 1934. 

HD 53367. The bright Ha line appears nearly symmetrical on a grating spectrogram taken at 
Mount Wilson on January 8, 1933, but is much less so (the long-wave-length side being the stronger) 
on one taken on December 28, 1933. 

HD 56014, 27 CMa. “Observations by Struve show that since 1925 the amplitude of the velocity- 


curve has steadily decreased. The observed maxima and minima were as follows: 
Min. 1927 : _ —100 km/sec Max. 1939 + 90 km/sec 
Max. 1931 +120 Min. 1942 — 20 
Mim: 1934.05.23: — 50 


The period of the oscillations also has changed; the two observed intervals between successive mini- 
ma were 2300 days and 2800. These values cannot be reconciled. The emission line of H8 is always 
weak. The absorption lines show marked changes in contour and central intensity, at times re- 
sembling lines produced in a shell. The changes have not yet been correlated with the measured 
velocities.””-—O. STRUVE. 

HD 58050. On a spectrogram obtained by Swings and Struve on January 28, 1943, the bright 
hydrogen lines can be seen to H8 or H9. This indicates that the emission was stronger than 
in 1933. 


77. HD 58343. Ha is a strong relatively narrow bright line on a grating spectrogram taken at Mount 


Wilson on December 21, 1934. Very weak narrow bright lines are visible at \X 6318, 6384, 6456. 
. HD 63462, o Pup. Ha and D3 Het are bright on a grating spectrogram taken at Mount Wilson 
on December 18, 1934. Ha is unsymmetrical, being stronger on the long-wave-length side. D3, 
although much weaker, probably has similar structure. The behavior of these lines resembles that 
in X Per MWC 78. 
. HD 65176. The spectrum has been described as nearly continuous, but Swings and Struve report 
the presence of two well-marked absorption lines at \ 4640 (V 111?) and A 4650 (C 11?). 


2. HD 68980, r Pup. Ha is a very strong bright line on a grating spectrogram taken at Mount Wilson 


on December 18, 1932. Very weak bright lines are visible at \X\ 6318, 6384, 6456. 


2. HD 90177. A recent investigation by Dorrit Hoffleit at Harvard indicates a slow, apparently ir- 


regular variation in brightness, with an amplitude of approximately 1} mag. 


5. HD 91120. On a grating spectrogram taken at Mount Wilson on February 27, 1932, Ha is a double 


bright line of moderate intensity superposed on broad weak absorption. 


5. HD 94878, GG Car. This P Cygni type star is apparently an eclipsing binary of period 62 days, 


with one or both components variable. 9.1-10.3 mag. 

HD 94910, AG Car. According to Naomi K. Greenstein at Harvard, this P Cygni type star varies 

slowly and irregularly within a range of magnitude 7.1—9.0. 

. HD 109387, « Dra. According to M. K. Jessup, spectrograms obtained at Harvard, Yerkes, and 
Ann Arbor indicated that maxima in the intensities of the bright hydrogen lines occurred in 1893 
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and 1915, minima in 1909 and 1932. A period of about 23 years was thus suggested. Recent observa- 
tions at Yerkes communicated by Dr. Struve are as follows: 


Int. of emis Int. of emis- 
Year sion at Hp Year sion at Jp 
1932 1 1940 2 
1933 0 1941 + 
1934 0 1942 5 


Only a faint trace of bright Ha appears on a plate taken at Ann Arbor on April 16, 1936. The recent 
rise toward maximum has been slower than the one between 1909 and 1915. 

229. HD 120324, w Cen. In 1940, bright hydrogen lines were very strong, and bright lines of Fe 1 were 
present as in the nineties. 

239. HD 142983, 48 Lib. Between 1935 and 1939 the velocity derived from the metallic lines and the 
ultraviolet members of the Balmer series decreased about 100 km/sec and then returned to its 
previous value. The Balmer lines 78, Hy, and H6 were displaced only about half as much. The 
velocities from both groups of lines rose to a maximum in 1941; they have been slowly decreasing 
from 1941 to 1943. 

241. HD 148184, x Oph. Haisa very strong bright line on grating spectrograms taken at Mount Wilson 
on May 5, 1931, and March 24 and 26, 1932. Several weak bright lines are visible, including \ 6318 
and \ 6384. 

243. HD 152236, ¢' Sco. On a grating spectrogram taken at Mount Wilson on July 30, 1934, Ha and 


D3 Het are bright lines, each with weak absorption on the violet side. 

252. HD 155806. Ha is a strong bright line on a grating spectrogram taken by R. F. 
Wilson on June 26, 1936. 

253. HD 155851. According to Swings and Struve, the presence of a shell is indicated by the sharp 
line \ 3889 of Het. 

266. HD 160529. On grating spectrograms taken at Mount Wilson on June 14, 1933, and May 30, 1934, 
Ha is a strong bright line with a strong, well-defined dark component on its violet side. The dark 
lines of Si 1m are very strong. The Vat lines D1,2 appear double, the probable explanation being 
that the component toward the red is interstellar, the violet component, which is less intense, 
being caused by stellar absorption displaced as in P Cyg or 17 Lep. The interstellar line \ 6284 
is very strong. 

274. HD 163181, V453 Sco. This spectroscopic binary, period 12.0 days, has been found by S. Gaposch 
kin to be an eclipsing variable with two nearly equal minima. The spectroscopic phenomena at 
times of eclipse merit further investigation. 

278. HD 164284, 66 Oph. On a grating spectrogram taken at Mount Wilson on April 30, 1934, Ha is a 

very strong wide bright line with a relatively weak dark core. 

281. HD 165285. D3 Hex found to be bright by J. A. O’Keefe, at McDonald. 

288. HD 167362. Does not belong in the Catalogue. A Wolf-Rayet star. 

291. HD 168607. According to Popper and Seyfert, at McDonald, the type is cB&e. ‘The lines Ha, 
H®8, and Hy consist of conspicuous emission lines flanked by sharp absorptions on the violet side.” 
This star and HD 168625, both highly reddened, are near the Omega nebula, M 17. 

294. HD 169454. On a grating spectrogram taken at Mount Wilson on July 1, 1934, //a is a bright line 
with ill-defined absorption on its violet side. D3 He 1 is a strong dark line with weak emission on its 
red side. The interstellar lines, including the broadened lines as well as D1,2, are very strong. 

295. HD 169515, RY Sct. The previously unidentified bright lines AA 4658, 4702, 4734, 4755, 4770 are 

now known, thanks to Edlén and Swings, to be due to [Fe m1]. S. Gaposchkin, at Harvard, found 
the star to be an eclipsing variable, period 11.1 days, with a light-curve resembling that of 8 Lyrae 
D. M. Popper, at Yerkes, writes that \ 4026 and A 4088 vary in position in phase with Gaposchkin’s 
light-elements; other lines are stationary. 

3. HD 172694. According to Swings and Struve, the presence of a shell is indicated by the sharp 

line \ 3889 He t. 

306. HD 174638,9; 8 Lyr. “The spectrum consists of several sources: 
whose lines are always visible and undergo little or no change in the 12-day period; (2) a variable 
absorption spectrum of H and Het, which had previously been thought to belong to the second 
component of the binary but which can now be definitely attributed to an expanding ring or shell 
of gas (according to Kuiper, the shell is really a spiral along which the matter streams outward); 
(3) a set of broad emission lines of variable width and intensity, which also belongs to the gaseous 
ring or shell; (4) a set of absorption lines which appears just prior to primary mid-eclipse and dis 
appears at mid-eclipse; these lines are displaced toward the red and belong to a stream of matter 
flowing along the preceding side of the fainter (invisible) component of the binary and into the B8 
component; (5) a set of absorption lines which appears immediately after mid-eclipse and disappears 


Sanford at Mount 


(1) a supergiant B8 spectrum, 
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soon afterward; these lines are shifted toward the violet and belong to a stream of matter flowing 
from the B8 component along the following side of the fainter component. The interpretation of the 
spectroscopic data is due largely to O. Struve and to G. P. Kuiper. The analysis of the photometric 
data by S. Gaposchkin and Z. Kopal shows that at principal eclipse the large B8 star is partly 
eclipsed by a smaller, invisible star whose type must be F. The spectrum shows small secular 
changes, which have not yet been fully investigated.’””-—O. StTRUVE. 
HD 181615,6; v Sgr. ‘“‘The spectrum is very rich in absorption lines of the lighter elements and of the 
ionized metals. The lines of Ve1 are stronger than in any other stellar spectrum yet observed. The 
hydrogen lines are abnormally weak. H and K are strong and deep absorption lines, but observa- 
tions by H. F. Weaver at Mount Wilson show the infrared triplet of Ca 11 to be strong in emission. 
Analysis of the spectrum indicates a star of temperature about 10,000°, with low surface gravity, 
very low opacity, low abundance of hydrogen, and high excitation temperature. The star is a spec- 
troscopic binary having a period of 138 days. The early spectroscopic orbit gives a satisfactory 
representation of velocities recently observed. Since the orbital displacements of all lines are similar, 
no trace of the secondary spectrum having been found, there seems to be little doubt that the entire 
observed spectrum originates in a single star. Certain features of the spectrum have exhibited 
changes whose nature is not clearly understood.””—JEssE L. GREENSTEIN. 
BD+14°3887. A recent investigation by J. W. Swensson, at Yerkes, has shown the presence of 
bright lines of H, Het, Feu, [Feu], [Fem], Cru, Mg1, Mg u, and Nat. 
BF Cyg. Numerous bright lines of H, He, [O], Fe, |Fe], and other elements undergo complex changes 
in intensity. Of special interest are (a) the exceptional strength of [Fe m1] lines, (b) rapid changes 
in intensity of the nebular lines, and (c) differences in the displacements yielded by various groups 
of lines. An absorption spectrum of late type was present in 1941, thus placing the star in the small 
class of “combination” spectra. The spectrum will be described in more detail in a future Contribution. 
HD 183143. The star has a large color excess | ge ibly caused by space reddening. On a grating 
spectrogram taken at Mount Wilson on May 27, 1934, Ha is a bright line with a very strong well- 
defined absorption component on the violet side. On a similar plate taken on September 29, 1934, 
the bright line is weaker, while the dark component is scarcely visible. The interstellar lines, espe- 
cially the broadened ones, are very strong. 
HD 184279. The dark helium lines probably vary in intensity. On a grating spectrogram, disper- 
sion 34 A/mm, taken at Mount Wilson on July 31, 1934, dark D3 is remarkably strong and well- 
detined; [1a has two emission components of moderate intensity separated by a strong absorption 
core. The star deserves further investigation. 
HD 187399. Spectrograms taken in April, 1924 (Mount Wilson), in July, 1942 (McDonald), and 
in August, 1942 (Lick), show that the dark hydrogen lines have a considerable negative displace- 
ment relative to the dark lines of other elements, probably indicating an expanding shell. 
HD 187567. Ha is a strong bright line on a grating spectrogram taken on September 10, 1933. A 
weak bright line (double?) is visible near \ 6318. 
HD 192044, 20 Vul. ‘“‘The emission, already rather weak, became somewhat weaker from 1935 to 
1939 and has since been constant.’-—D. B. MCLAUGHLIN. 
HD 192954. A recent investigation by A. A. Broyles, at McDonald, showed the presence in the 
spectrum of numerous dark enhanced metallic lines, which, like the strong dark cores in the hydro- 
gen series, probably originate in a shell similar to that of Pleione. 
MW 197. In addition to strong H emission, the spectrum exhibits numerous well-marked bright 
lines of Fe 1. 
HD 195407. According to Swings and Struve the spectrum appears to have undergone a marked 
change between 1924 and 1942. In July, 1942, the lines of H and He1 showed remarkably strong 
absorption of the shell type. 
HD 195592. Haisa weak bright line on a grating spectrogram taken at Mount Wilson on August 29, 
1934. Dark D3 Het may have weak emission on its red edge. 
HD 200120, f! Cyg. “This star lost its emission lines in 1912, regained them faintly in 1925 and 
strongly in 1927. The 78 emission faded again until it was just perceptible in 1932. After strong 
VR variations in 1926-1929, the bright lines remained with approximately equal components until 
1941 and 1942, when they again showed a large range of V The spectrum seems to be charac- 
terized by long periods of quiescence and brief periods of activity.”’—D. B. McLAUGHLIN. 

On a grating spectrogram taken at Mount Wilson on August 18, 1932, Ha has two weak bright 
components separated about 9.6 A. 
HD 200310, 60 Cyg. On a grating spectrogram taken at Mount Wilson on May 28, 1934, He has 
two very weak bright components separated about 12 A. The appearance is similar to that of Ha 
in MWC 359, f! Cyg, on August 18, 1932 (see preceding note). 
HD 203374. Ha is a strong bright line on a grating spectrogram taken at Mount Wilson on July 6, 
1933. There may be weak emission at D3 Het. 
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HD 203467, 6 Cep. ‘“‘No changes from 1933 to 1940 except possible slight decrease of /:/C, but in 
1942 hydrogen emission was much weaker than normal.”—D. B. McLAuGHLIN. 

HD 205637, « Cap. ‘‘The spectrum is characterized by well-defined hydrogen emission with strong 
sharp central absorption and by variable enhanced metallic absorption lines, which emerged to 
visibility in 1929, faded in 1931, remained absent through 1935, and reappeared previous to Sep- 
tember, 1936. The metallic lines were present from 1936 to 1939, absent 1941-1942. The sharp 
central absorption of the hydrogen lines remains unchanged. V = R at /8.”—D. B. McLAuGHLn, 
HD 2006773. On a grating spectrogram, dispersion 66 A/mm, taken at Mount Wilson on August 8, 
1930, Ha is a strong, nearly symmetrical bright line. D3 He1is probably bright, although the con- 
tinuous spectrum in the yellow is too strong for a reliable observation. On another plate, dispersion 
34 A/mm, taken on November 7, 1933, bright Ha is double, with the component toward the violet 
much the stronger. D3, clearly bright on this plate, has somewhat the same structure as Ha, but 
the disparity between the components appears less. 


. HD 207757, BD+11°4673, AG Peg. The bright H lines have recently been wider and more intense 


than formerly. The 800-day cycle in the displacements has continued with little change of phase, 
but the amplitude has diminished, and the mean velocity has become algebraically smaller. Singlets 
and triplets of He1 behave differently. Progressive changes since 1915 include strengthening and 
widening of bright lines of H and He 1; increasing negative displacements of dark lines; a general 
increase of the ionization of the atmosphere, evidenced by the behavior of lines of He, Fe, NV, and Si. 
In 1940 and 1941 the dark bands of 77O were present in low intensity. Thus this star enters the 
group with “‘combination’”’ spectra. 


. HD 210129, 25 Peg. ‘The emission faded gradually from 1917 to 1937. It was faintly visible at 7B 


in 1939 and 1941 but absent in 1940 and 1942.”’—D. B. McLAvGuLIn. 

HD 212044. According to D. M. Popper, at Lick, the bright hydrogen lines were weaker in 1938 
than they had been twelve to sixteen years earlier. 

HD 212076, 31 Peg. ‘‘Between 1933 and 1937 the emission faded from the brightest to the faintest 
ever recorded in this spectrum. A previous minimum of emission occurred between 1912 and 1919. 
The emission showed a distinct recovery in October, 1939, but was gone again in 1940-1941.” 
D. B. McLAvuGHLIN. 

HD 212571,  Aqr. ‘The emission, formerly strong, was gone in 1937 but recovered steadily in 
1938-1942 and is now as strong as ever. V/R variations, which almost ceased before the emission 
disappeared, have now returned, probably with as large range as before. V < R in 1941; V >R 
in 1942.’’—D. B. McLAucuHiin. 

Ha and D3 Het are bright on a grating spectrogram taken at Mount Wilson on November 17, 
1932. Ha is an extremely unsymmetrical double line, the component toward the violet being very 
much the stronger. D3, although much weaker, probably has similar structure. 

HD 214168, 8 Lac northern and brighter component. “Since 1937 the spectrum has completed a 
little more than one cycle of V/R. This is not in accord with the suggested cycle of 11 years. The 
emission is a little weaker than formerly, and the range of V/R has been somewhat reduced.”’—D. B. 
McLAuGHLIN. 

HD 217050. On grating spectrograms taken at Mount Wilson on October 13, 1932, and December 
18, 1934, Ha is a strong, wide bright line with a strong, well-defined dark core dividing it into two 
nearly equal components. \ 6318 and several lines of Fe 11 exhibit similar structure in low intensity. 
The Si 1 lines, \ 6347 and \ 6371, are dark. The shell spectrum, which apparently developed be 
tween 1921 and 1928, merits further investigation. 

HD 217891, 6 Psc. ‘‘This spectrum, which formerly had large changes of £/C, has shown no appre- 
ciable change since 1934, when the emission regained its intensity after an interval of weakness.” 
—D. B. McLAvUGHLIN. 

HD 218393. The well-developed shell spectrum of this star merits further observation. 
Companion to R Aqr (HD 222800). Irregular variable, magnitude 8-12. In 1933 the magnitude 
of the Be companion was about 8; in 1941 and 1942 it was fainter than 11. The spectrum has under 
gone complex changes. The changing intensities and displacements of the nebular lines are of special 
interest. 

HD 224559. Ha is a very strong bright line on grating spectrograms taken at Mount Wilson on 
December 18, 1932, and December 19, 1934. 

SX Cas. Eclipsing binary, period 36.5 days, magnitude 9.8-11.0. The spectrum is peculiar and 
variable, at times resembling that of a Cygni. 

BD+61°154. The lines have the P Cygni structure. Both the bright and the dark components of 
the hydrogen lines are strong. Bright components of Fe 11 and of Ca 1 are well marked. 

HD 6811, @ And. The presence of a bright Ha line, discovered by R. K. Marshall at the Cook 
Observatory, was confirmed by two spectrograms obtained by R. F. Sanford at Mount Wilson on 
February 14, 1943. 
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. Bergedorfer S pektral-Durchmusterung, Area 8, No. 1680. Not previously announced. Found to have 

a bright Ha line by D. M. Popper at the McDonald Observatory. 

Bergedorfer S pektral-Durchmusterung, Area 8, No. 1720. Not previously announced. Found to have 

a bright Ha line by D. M. Popper at the McDonald Observatory. 

. NGC 457 No. 4. For identification see Lick Obs. Bull., 16, 53, 1934. Not previously announced. 
R. F. Sanford found 8 and Hy to be bright on a slit spectrogram taken at Mount Wilson on De- 
cember 1, 1941. 

. HD 7902. The dark Ha line was found to have very weak emission on its long-wave-length edge on 
a slit spectrogram taken at Mount Wilson on October 7, 1933. Remark in Henry Draper Catalogue: 
‘“‘The lines are narrow. H is suspected to be bright.” 

. AZ Cas. Eclipsing variable, magnitude //.2—/2.5. Ha found to be a weak bright line on an objec- 
tive-prism spectrogram taken by M. L. Humason at Mount Wilson on September 18, 1920. Ha was 
bright on a low-dispersion slit spectrogram taken with the 60-inch telescope on August 19, 1940. 

. MtW 243, HD 236940. Incorrectly given as HD 232951 in Mt. W. Conir., No. 664; Ap. J., 96, 15, 
1942. 

. HD 12953. A bright Ha line of moderate intensity with a weak dark component on its violet side 
was found on a slit spectrogram taken at Mount Wilson on September 8, 1933. On December 8, 
1933, both bright and dark components appeared somewhat stronger; on September 30, 1934, the 
dark component was very much stronger, the bright component relatively weak. Remark in Henry 
Draper Catalogue: ‘‘The lines are narrow. The spectrum appears to resemble that of a Cygni.” 

. MHa 5(63). Not previously announced. Ha found to be bright on an objective-prism spectrogram 
taken by W. C. Miller at Mount Wilson on November 12, 1938. Ha and H8 were bright on a low- 
dispersion spectrogram obtained by R. Minkowski with the 60-inch telescope on December 9, 1942. 

. HD 13867. Aside from the hydrogen lines, the spectrum resembles that of 6 Orionis, cB8. The ob- 
ject may be a false c star. 


5. BD+56°548. In Mt. W. Contr., No. 664; Ap. J., 96, 15, 1942, the declination is erroneously given 


as +56°40’ instead of +56°51’. 

. MHa 125(18). A tenth-magnitude star is 110’ north preceding. Not previously announced. Ha 
suspected to be bright on an objective-prism spectrogram taken by W. C. Miller at Mount Wilson 
on November 29, 1940. Ha was definitely bright on a low-dispersion spectrogram obtained by 
R. Minkowski with the 60-inch telescope on December 10, 1942. 

. HD 236970. Ha appears as a bright line of moderate intensity on objective-prism spectrograms 
taken by W. C. Miller at Mount Wilson on the following dates: November 6 and 12, 1938; Novem- 
ber 11, 1939; November 29, 1940. 


. MHa 125(13). Not previously announced. Ha found to be bright on an objective-prism spectro- 


gram taken by W. C. Miller at Mount Wilson on November 29, 1940. Ha was bright on a low-dis- 

persion spectrogram obtained by R. Minkowski with the 60-inch telescope on October 13, 1942. 
. MHa 125(52). Not previously announced. Ha found to be bright on an objective-prism spectro- 
gram taken by W. C. Miller at Mount Wilson on November 29, 1940. Ha was bright on a low- 
dispersion spectrogram obtained by R. Minkowski with the 60-inch telescope on December 10, 
1942. 
BD+60°628. Bergedorfer S pektral-Durchmusterung Area 9, No. 1612. 
HD 237118. Not previously announced. Ha found to be bright on an objective-prism spectrogram 
taken by W. C. Miller at Mount Wilson on November 29, 1940. On a slit spectrogram taken with 
the 60-inch telescope on December 1, 1942, H@ is indistinct, probably having weak emission super- 
posed on diffuse absorption. 
MHa 7(6). Not previously announced. Ha found to be bright on an objective-prism spectrogram 
taken by W. C. Miller at Mount Wilson on November 12, 1938. Ha was bright on a low-dispersion 
spectrogram obtained by R. Minkowski with the 60-inch reflector on December 10, 1942. 
HD 237146. Not previously announced. Ha found to be bright on an objective-prism spectrogram 
taken by W. C. Miller at Mount Wilson on November 29, 1940. 
HD 21389, HR 1040. On a grating spectrogram, dispersion 34 A/mm, taken at Mount Wilson on 
November 5, 1933, Ha appears as a bright line with a dark border on the violet side. On later plates 
the emission is decidedly weaker. Remark in Henry Draper Catalogue: ‘‘The lines are narrow and 
the spectrum resembles that of 7 Leonis.”’ 
MHa 7(14). Not previously announced. Ha found to be bright on an objective-prism spectrogram 
taken by W. C. Miller at Mount Wilson on November 12, 1938. Ha was bright on a low-dispersion 
spectrogram obtained by R. Minkowski with the 60-inch reflector on November 11, 1942. 
MHa 50(30). Forms an equilateral triangle with two preceding eleventh-magnitude stars. Not 
previously announced. Ha considered probably bright on an objective-prism spectrogram taken 
by W.C. Miller at Mount Wilson on December 9, 1939. Ha was definitely bright on a low-dispersion 
spectrogram obtained by R. Minkowski with the 60-inch telescope on November 11, 1942. 
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467. HD 25487, RW Tau. This eclipsing variable, period 2.8 days, magnitude 8.1-11.5, is of great in- 
terest because spectroscopic observations, by A. H. Joy, indicate an extensive rotating gaseous 
ring surrounding the primary star. 

470. MHa 58(21). Not previously announced. Ha appears as a faint bright line without continuous 
spectrum on an objective-prism spectrogram taken by W. C. Miller at Mount Wilson on December 
9, 1939. Ha was definitely bright on a low-dispersion spectrogram obtained by R. Minkowski with 
the 60-inch telescope on October 14, 1942. 

471. MHa 58(22). North following of two stars of nearly the same magnitude about 2’ apart. Not pre- 
viously announced. Ha found to be bright on an objective-prism spectrogram taken by W. C., 
Miller at Mount Wilson on December 9, 1939. H8 was bright on a low-dispersion slit spectrogram 
obtained by A. H. Joy with the 100-inch telescope on January 27, 1943. 

472. BD+45°961. Ha found to be bright on an objective-prism spectrogram taken by W. C. Miller at 
Mount Wilson on October 29, 1938. H®8 is indistinct, perhaps having a weak bright component, 
on a slit spectrogram taken with the 100-inch telescope on January 12, 1939. 

476. BD+43°1050. Bergedorfer S pektral-Durchmusterung Area 24, No. 554. 

477. Bergedorfer Spektral-Durchmusterung Area 24, No. 986. 

478. BD+35°927. Not previously announced. Ha found to be bright on an objective-prism spectro- 
gram taken by W. C. Miller at Mount Wilson on November 30, 1940. Hf and probably Hy are 
bright on a low-dispersion slit spectrogram obtained by A. H. Joy with the 60-inch telescope on 
January 13, 1943. 

480. HD 31648. The spectrum resembles that of HD 31293. The displacement of the dark cores of the 
hydrogen lines varies from about 0 km/sec to —150. The position of \ 4481 fg 1 is nearly con- 
stant. Spectroscopic observations are being continued at Mount Wilson. 

481. BD+39°1135. Ha found to be bright on objective-prism spectrograms taken by W. C. Miller at 
Mount Wilson on October 29, and November 12, 1938. H/@ is indistinct, perhaps having weak emis 
sion, on a slit spectrogram taken with the 100-inch telescope on October 23, 1939. 

484. BD+39°1204. Ha found to be bright on an objective-prism spectrogram taken by W. C. Miller at 
Mount Wilson on October 29, 1938. H8 was bright on a low-dispersion slit spectrogram obtained 
by A. H. Joy with the 60-inch telescope on January 12, 1943. 

485. MHa 129(22). A double star, magnitudes 10.5 and 13, is 70’ preceding and slightly north. Not 
previously announced. Ha found to be bright on an objective-prism spectrogram taken by W. C. 
Miller at Mount Wilson on November 30, 1940. Ha and possibly 78 were bright on a low-disper- 
sion spectrogram obtained by R. Minkowski with the 60-inch telescope on December 11, 1942. 

487. HD 34085, 8 Ori. O. Struve’s observations at Yerkes of weak, variable emission in the //a line have 
been confirmed at Mount Wilson. The structure of Ha is being studied with high dispersion by 
R. F. Sanford in connection with his measurements of radial velocity. 

488. HD 34193. Not previously announced. Ha found to be a bright line of moderate intensity on an 
objective-prism spectrogram taken by W. C. Miller at Mount Wilson on November 30, 1940. 

489. HD 34257. Not previously announced. //a found to be bright on an objective-prism spectrogram 
taken by W. C. Miller at Mount Wilson on November 30, 1940. 

490. HD 242257? The spectrum is very peculiar. The most remarkable features are fairly well-defined 
absorption components of the hydrogen lines having a displacement, reduced to the sun, of about 
—560 km/sec, or —530 km/sec with respect to the star. Weak dark lines of Fer yield a mean 
velocity of —30 km/sec. 

493. HD 242750. Not previously announced. Ha found to be bright on objective-prism spectrograms 
taken by W. C. Miller at Mount Wilson on November 29 and 30, 1940. 

494. HD 35347. Not previously announced. A bright Ha of low intensity was found on an objective 
prism spectrogram taken by W. C. Miller at Mount Wilson on November 30, 1940. The blue-violet 
spectrum appears nearly continuous on a low-dispersion slit spectrogram obtained by A. H. Joy 
with the 60-inch telescope on February 14, 1943. Remark in Henry Draper Catalogue: ‘‘This spectrum 
appears to be nearly continuous. It may belong to Class B. Traces of bright lines are suspected.” 

495. BD+35°1098. Not previously announced. Ha found to be bright on an objective-prism spectro- 
gram taken by W. C. Miller at Mount Wilson on November 30, 1940. 1/8 is a broad absorption 
line probably containing a weak bright component on a low-dispersion slit spectrogram obtained by 
A. H. Joy with the 60-inch telescope on January 13, 1943. 

497. Immediately south of nebula No. 122 on Chart 6 of E. E. Barnard’s Adlas of Selected Regions of the 
Milky Way. Not previously announced. Bright lines of [Fe 11] were found by A. H. Joy on a low- 
dispersion spectrogram obtained with the 100-inch telescope on January 15, 1943. The hydrogen 
series consists of strong dark lines, of which #8 and Hy probably have bright edges on the red side. 
A more detailed description of the spectrum will be published by Mr. Joy. 

498. HD 244610. Not previously announced. Ha found to be bright on an objective-prism spectrogram 
taken by W. C. Miller at Mount Wilson on November 29, 1940. 
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BD+34°1082. Not previously announced. Ha found to be bright on an objective-prism spectro- 
gram taken by W. C. Miller at Mount Wilson on November 30, 1940. A trace of emission is seen 
at 178 on a low-dispersion slit spectrogram obtained by A. H. Joy with the 60-inch telescope on 
February 14, 1943. 

BD+35°1169. Ha found to be bright on an objective-prism spectrogram taken by W. C. Miller 
at Mount Wilson on November 30, 1940. H@ is indistinct and may be bright on a strongly exposed 
low-dispersion slit spectrogram obtained by A. H. Joy with the 60-inch telescope on January 13, 
1943. 

HD 245310. Not previously announced. Ha found to be bright on an objective-prism spectrogram 
taken by W. C. Miller at Mount Wilson on November 29, 1940. , 

HD 37318. Not previously announced. Ha found to be bright on objective-prism spectrograms 
taken by W. C. Miller at Mount Wilson on November 29 and 30, 1940. Remark in Henry Draper 
Catalogue: ‘“The lines are barely seen.” 

HD 245770. Not previously announced. Ha found to be bright by D. M. Popper at the McDonald 
Observatory. 

HD 245950. Not previously announced. Ha found to be bright on objective-prism spectrograms 
taken by W. C. Miller at Mount Wilson on November 29 and 30, 1940. 

HD 37742, ¢ Ori Br. Very weak emission is visible at Ha on a grating spectrogram taken at Mount 
Wilson on February 9, 1936. 


. HD 246708. Not previously announced. Ha found to be bright on objective-pris™ spectrograms 


taken by W. C. Miller on November 29 and 30, 1940. 


. HD 38063. Not previously announced. Ha found to be bright on an objective-prism spectrogram 


taken by W. C. Miller at Mount Wilson on November 29, 1940. 


. HD 247331. Independently found to have bright Ha by D. M. Popper at the McDonald Observa- 


tory. 


. HD 247795. Not previously announced. Ha found to be bright by D. M. Popper at the McDonald 


Observatory. Independently found to have bright Ha on an objective-prism spectrogram taken by 
W.C. Miller at Mount Wilson on November 30, 1940. 


. HD 248434. Not previously announced. Ha found to be bright by D. M. Popper at the McDonald 


Observatory. Independently found to have bright Ha on an objective-prism spectrogram taken by 
W.C. Miller at Mount Wilson on November 29, 1940. 


. HD 250163. Not previously announced. Ha and 1/8 found to be bright by D. M. Popper at the 


McDonald Observatory. Ha suspected to be bright on an objective-prism spectrogram taken by 
M. L. Humason at Mount Wilson on February 8, 1921. 


3. HD 250980. Ha found to be bright on an objective-prism spectrogram taken by W. C. Miller at 


Mount Wilson on February 10, 1939. Ha independently found to be bright by D. M. Popper at the 
McDonald Observatory. 

HD 41511, 17 Lep. “The star normally shows a strong absorption spectrum of the a Cygni type, 
whose lines (except those of 7g 11 and S711) are displaced to the violet. Ha is strong in emission. 
\t irregular intervals of from 130 to 175 days the displaced lines undergo violent changes (doubling 
and a pronounced additional general shift to the violet), indicating the occurrence of nova-like out- 
bursts, which, however, are not accompanied by any marked changes in the total brightness of the 
star. The last observed outburst took place about October 6, 1942. Struve has observed many 
lines of 7i 1m and Fe 0 to be flanked at times by weak emission on their red borders. P. W. Merrill 
found the lines of Va 1 unexpectedly strong in emission at the time of a violent outburst.”— 
O. STRUVE. 


. HD 42087. Not previously announced. On a grating spectrogram, dispersion 34 A/mm, taken at 


Mount Wilson on January 29, 1934, weak emission is visible at Ha. 


. HD 253339. Not previously announced. Ha found to be bright by D. M. Popper at the McDonald 


Observatory. 
HD 254329. Ha found to be bright on an objective-prism spectrogram taken by W. C. Miller at 
Mount Wilson on February 10, 1939. 


. HD 256577. Ha found to be bright on an objective-prism spectrogram taken by W. C. Miller at 


Mount Wilson on February 10, 1939. Independently found to have a bright Ha by D. M. Popper 
at the McDonald Observatory. 


. HD 44996. Not previously announced. Ha found to be a weak bright line on two objective-prism 


spectrograms taken by W. C. Miller at Mount Wilson on February 6, 1943. 


. HD 257366. Ha found to be bright on an objective-prism spectrogram taken by W. C. Miller at 


Mount Wilson on February 10, 1939. 


. HD 45901. Ha found to be bright on an objective-prism spectrogram taken by W. C. Miller at 


Mount Wilson on February 10, 1940. H8 appears to be a weak bright line on a low-dispersion slit 
spectrogram taken by R. E. Wilson with the 60-inch telescope on February 25, 1943. H8 and \ 4686 
were previously suspected to be bright at Harvard (Harvard Bull., No. 892, p. 24). 
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. Potsdam S pektral-Durchmusterung Area 123, No. 96. 
. HD 55885. Ha found to be bright on an objective-prism spectrogram taken by W. C. 


HD 262741. Ha found to be bright on an objective-prism spectrogram taken by W. C. Miller at 


Mount Wilson on January 14, 1939. 
HD 50064. On a slit spectrogram taken at Mount Wilson on November 27, 1941, the type is cBée. 


Remark in Henry Draper Catalogue: ‘“‘Perhaps of Class Oe5.” 


. HD 50696. Ha found to be bright on an objective-prism spectrogram taken by W. C. Miller at 


Mount Wilson on February 10, 1940; suspected on a plate taken on December 26. 1930. Remark 
in Henry Draper Catalogue: ‘‘The dark lines are very faint. Perhaps of Class Oe5.”’ 


. HD 50850. Not previously announced. Ha found to be bright on an objective-prism spectrogram 


taken by W. C. Miller at Mount Wilson on November 30, 1940. 1/@ is bright on a slit spectrogram 
taken with the 60-inch telescope on December 2, 1942; the type appears to be B3ne, the dark lines 
being weak and diffuse. The remark in Henry Draper Catalogue—‘‘The lines are narrow and the 
spectrum resembles that of 8 Orionis’’—suggests that the star may previously have exhibited a shell 
spectrum. 


. HD 50938. Not previously announced. //a found to be bright on an objective-prism spectrogram 


taken by W. C. Miller at Mount Wilson on November 30, 1940. Bright 7a may have been less 
intense on February 19, 1928. 


. HD 53112. Ha found to be a weak bright line on an objective-prism spectrogram taken by W. C. 


Miller at Mount Wilson on January 14, 1939. 


. BD—5°1971. Not previously announced. //a found to be bright by D. M. Popper at the McDonald 


Observatory. 


. BD—3°1746. Not previously announced. //a found to be bright by D. M. Popper at the McDonald 


Observatory. 

1 Miller at 
Mount Wilson on December 16, 1939. Independently found to have a bright 7a by D. M. Popper 
at the McDonald Observatory. 


. MHa 61(25). Two twelfth-magnitude stars are near by, one 70” following, the other 50” north fol 


lowing. Not previously announced. Ha suspected to be bright on an objective-prism spectrogram 
taken by W. C. Miller at Mount Wilson on December 16, 1939. Ha was definitely bright on a low 
dispersion spectrogram obtained by R. Minkowski with the 60-inch telescope on November 12, 1942. 


. BD—15°1724. Potsdam Spektral-Durchmusterung Area 123, No. 414. 
. MHa 61(28). Not previously announced. Ha suspected to be bright on an objective-prism spec 


trogram taken by W. C. Miller at Mount Wilson on December 16, 1939. Ha and //8 were definitely 
bright on a low-dispersion spectrogram obtained by R. Minkowski with the 60-inch telescope on 


November 12, 1942. 


54. HD 56600. Ha found to be a weak bright line on an objective-prism spectrogram taken by W. C. 


Miller at Mount Wilson on December 16, 1939. 


. HD 56670. Ha found to be a weak bright line on an objective-prism spectrogram taken by W. C. 


Miller at Mount Wilson on December 16, 1939. Remark in Henry Draper Catalogue: *‘The dark 
lines are very faint.” 


56. HD 57393. Ha found to be bright on an objective-prism spectrogram taken by W. C. Miller at 


Mount Wilson on November 29, 1940. 
*. Miller at 


Mount Wilson on December 16, 1939. 


. HD 58055. Ha found to be a bright line of moderate intensity on an objective-prism spectrogram 


taken by W. C. Miller at Mount Wilson on December 16, 1939. 


. MHa 61(14). Not previously announced. Ha found to be bright on an objective-prism spectro 


gram taken by W. C. Miller at Mount Wilson on December 16, 1939. On a low-dispersion spectro 
gram obtained by R. Minkowski with the 60-inch telescope on January 11, 1943, numerous hydro 
gen lines and K of calcium are bright. On the violet sides of the bright hydrogen lines are dark 
components, whose effective centers are displaced about 1000 km/sec. The spectrum will be de 
scribed in more detail by Dr. Minkowski. 

HD 59094. Ha found to be bright on an objective-prism spectrogram taken by W. C. 
Mount Wilson on December 16, 1939. H@ is indistinct but may have weak bright components on a 
strongly exposed slit spectrogram taken with the 60-inch telescope on December 1, 1942. 

HD 59281. Not previously announced. Ha found to be bright on an objective-prism spectrogram 
taken by W. C. Miller at Mount Wilson on November 29, 1940. 

BD—10°2073. Ha was bright on a low-dispersion spectrogram obtained by R. Minkowski with the 
60-inch telescope on December 11, 1942. 

HD 62367. Possibly a false c star. 

HD 62413. Not previously announced. Ha found to be bright by D. M. Popper at the McDonald 
Observatory. 


Miller at 
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570. HD 62623, 1 Pup. Bright lines of [O 1], \ 6300 and \ 6363, are present in low intensity. Remark in 


579. 


580. 


586. 
587. 


589. 


591. 
598. 


600. 


603. 


605. 
611. 
613. 
616. 


617. 


Henry Draper Catalogue: ‘“‘The lines are narrow and the spectrum resembles that of a Cygni.” 


. HD 62780. Not previously announced. Ha found to be bright by D. M. Popper at the McDonald 


Observatory. 
MHa 62(6). Two thirteenth-magnitude stars are near by, one 25” north, the other 25’ preceding. 


Not previously announced. Ha suspected to be bright on an objective-prism spectrogram taken by 


W. C. Miller at Mount Wilson on December 16, 1939. Ha and HB were definitely bright on a low- 
dispersion spectrogram obtained by R. Minkowski with the 60-inch telescope on December 9, 1942. 
HD 64639. Not previously announced. Ha found to be bright by D. M. Popper at the McDonald 


“a )bservatory. Remark in Henry Draper Catalogue: “‘The line 78 is not seen distinctly, and is suspect- 


ed to be bright.” 


. HD 68468. Ha has two widely spaced bright components on a grating spectrogram taken at Mount 


Wilson on March 30, 1934; the structure resembles that of Ha in ¢ Tau or in HD 142983. On a slit 
spectrogram taken by R. F. Sanford on March 21, 1934, the hydrogen lines Hy—He have strong 
well-defined dark cores. These may represent a temporary shell spectrum. In the Henry Draper 
Catalogue the type is B2 with the remark, “‘The line K is strong for this class.”” The star merits fur- 


ther investigation. 
CD —45°4393. Cape Photographic Durchmusterung —45°2826. Potsdam Spektral-Durchmusterung 


" Area 172, No. 880. Not previously announced. Ha found to be bright by D. M. Popper at the Mc- 


Donald Observatory. 

HD 76868. Not previously announced. Hf, Hy, and Hé found to have strong central emission by 
. A. Pearce at Victoria. 

HD 80834. Not previously announced. Ha found to be bright by D. M. Popper at the McDonald 

Observatory. Remark in Henry Draper Catalogue: ‘“The lines are so faint that the spectrum ap- 

pears to be nearly continuous.” 

Comp. a Sco. Emission is restricted to lines of [Fe 1]. 

HD 148688. Ha found to be a relatively weak bright line on a grating spectrogram, dispersion 

66 A/mm, taken at Mount Wilson on August 1, 1936. Remark in Henry Draper Catalogue: ‘The 

lines are narrow and their intensities resemble those in the spectrum of ¢' Scorpii, except that no 

bright lines are present.” 

HD 154090, k Sco. Weak emission at Ha was found on a grating spectrogram, dispersion 34 A/mm, 

taken at Mount Wilson on August 27, 1934. 

Harvard Variable 5491, magnitude //.6-13.8. 

HD 166937, u Sgr. Emission was found at Ha on a grating spectrogram, dispersion 34 A/mm, 

taken at Mount Wilson on September 8, 1933. Later plates indicate a variation in the intensity of 

this emission and in the intensity of some of the absorption lines in the yellow and red. Variations 

in the intensity of \ 4471 Het had previously been discovered by W. W. Morgan at Yerkes. The 

star is a spectroscopic binary, period 180 days, recently found by Morgan and Elvey to be an eclips- 

ing variable. 

AR Pav. According to Margaret W. Mayall at Harvard, this star is a peculiar eclipsing binary, 

period 605 days. The maximum magnitude varies from 8.5 to fainter than 11. The range from 

maximum to minimum is generally about 3 mag. On Harvard objective-prism plates taken on 

August 4, 1900, and on August 10, 1901, bright hydrogen lines have strong absorption edges to the 

violet; on a plate taken on August 19, 1908, bright \ 4686 and \ 4640 are visible in addition to the 

hydrogen lines. 

A. N. Vyssotsky of the Leander McCormick Observatory writes: “On two plates taken on May 21 

and 23, 1941, with our prismatic camera .. . . the spectrum shows Hf, Hy, Hé, and He in emis- 

sion; no absorption lines are visible and the continuous spectrum is fairly strong, corresponding 

to a star of about 11th photographic magnitude. The intensity distribution along the continuous 

spectrum is similar to that of a B star.’’ According to Dr. Vyssotsky, the correct declination for 
1900 is +23°24’ instead of +23°35’ given in Harvard Bull., No. 837. 

HD 172175. Remark in Henry Draper Catalogue: ‘“Traces of bright lines are seen and the spectrum 

may be peculiar.” 

HD 175754. Remark in Henry Draper Catalogue: “The dark lines show only slight contrast to the 

continuous spectrum. Bright lines are suspected to be present.” 

HD 230780. Not previously announced. Ha found to be bright by D. M. Popper at the McDonald 

Observatory. 

HD 181606. Not previously announced. Ha found to be bright on an objective-prism spectrogram 

taken by W. C. Miller at Mount Wilson on June 29, 1940. 

HD 181803. Not previously announced. Ha found to be bright on an objective-prism spectrogram 


taken by W. C. Miller at Mount Wilson on June 29, 1940. 
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622. 


623. 
626. 


628. 


634. 


635. 


636. 


644. 


645. 


646. 





. HD 211835. J. A. Pearce, at Victoria, independently found 1/8 to be bright 


MHa 92(4). Makes an equilateral triangle with BD-+29°3778 and 3780. (On our objective-prism 
spectrogram, BD+29°3780 appears about 3’ south of the B.D. position). Not previously announced. 
Ha found to be bright on an objective-prism spectrogram taken by W. C. Miller at Mount Wilson 
on September 6, 1940. Ha was bright on a low-dispersion spectrogram obtained by R. Minkowski 
with the 60-inch telescope on December 10, 1942. 

MtW 295. Lines of H and of Fe 1 are bright. 

BD+29°3863. In Mt. W. Contr., No. 664; Ap. J., 96, 15, 1942, the right ascension is erroneously 
given as 19557™0, instead of 19558™0. 

HD 227836. Ha found to be a conspicuous double bright line, separation 5.8 A, on a grating spectro- 
gram, dispersion 66 A/mm, taken at Mount Wilson on August 3, 1933. On this plate the Ha emis- 
sion component of shorter wave length is much the stronger; 178, although poorly shown, appears 
to consist of a well-defined dark core with emission on the violet edge. On a spectrogram taken on 
July 22, 1932, H8 is wholly dark. The spectrum, which is of an unusual composite type, is probably 
variable. Classified B5 at Harvard, B2e at Mount Wilson, B5ea by J. A. O’Keefe at Yerkes. D. M. 
Popper, Yerkes, writes: “From the H and He lines, I would agree with O’Keefe that it is about 
cB5ea. But Fe 1 and Si 1 are as strong as in a Cygni. Moreover, Fe 1 is as strong as in about class 
F5 though Ca1 is absent and the K line is not particularly strong.” 


. HD 228104. R. F. Sanford found H8 to be a weak bright line on a slit spectrogram taken at Mount 


Wilson on July 21, 1932. 


31. BD+32°3749. Ha was independently found to be bright by D. M. Popper at the McDonald Ob 


servatory. 


2. HD 193182. Ha found to be bright in 1920. Listed as MW 93 and classified F5 because of nu- 


merous metallic lines. Classified AO in the Henry Draper Catalogue and cAO by W. W. Morgan at 
Yerkes. We now think the classification A to be preferable but are inclined to doubt that the 
star is a supergiant. The spectrum has shown no marked changes on Mount Wilson plates taken in 
the years 1921, 1922, 1923, 1941. It closely resembles the spectrum of Pleione photographed 
on November 27, 1941. If HD 193182 is, like Pleione, a false c star, the relatively small space 
reddening noted by Morgan is understandable. 


3. MHa 76(20). A tenth-magnitude star is 90’’ south following. Not previously announced. //a sus- 


pected to be bright on an objective-prism spectrogram taken by N. U. Mayall at Mount Wilson 
on July 12, 1931; definitely bright on one taken by W. C. Miller on June 29, 1940. Ha was bright 
on a low-dispersion spectrogram obtained by R. Minkowski with the 60-inch telescope on October 
14, 1942. 

HD 194279. In NGC 6910. Not previously announced. Ha found to be a weak bright line on a 
grating spectrogram, dispersion 34 A/mm, taken at Mount Wilson on August 28, 1934. Dark D3 
Het may have weak emission on its red edge. Ha and D3 resemble the corresponding lines in 
MWC 347, HD 195592. 

MHa. 76(21). Not previously announced. Ha found to be bright on an objective-prism spectro- 
gram taken by W. C. Miller at Mount Wilson on June 29, 1940. Ha was bright on a low-dispersion 
spectrogram obtained by R. Minkowski with the 60-inch telescope on October 14, 1942. 
BD+38°4093. Not previously announced. Ha found to be bright on an objective-prism spectro 
gram taken by W. C. Miller at Mount Wilson on June 29, 1940. Ha was bright on a low-dispersion 
spectrogram obtained by R. Minkowski with the 60-inch telescope on September 12, 1942. 


. HD 205618. R. F. Sanford found HB to be bright on a slit spectrogram taken at Mount Wilson 


on September 25, 1934. R. M. Petrie at Victoria independently found 178 and Hy to have moderate 
central emission. Remark in Henry Draper Catalogue: ‘“The presence of bright lines is suspected.” 
HD 208057, 16 Peg. Not previously announced. R. F. Sanford found Ha to be a weak double 
bright line on a coudé spectrogram taken on October 8, 1938. 

MHa 47(16). A star of magnitude 12.5 is 50’’ north. Not previously announced. Ha found to be a 
well-marked bright line without continuous spectrum on an objective-prism spectrogram taken by 
W.C. Miller at Mount Wilson on July 15, 1939. Ha, HB, and Hy were bright on a low-dispersion 
spectrogram obtained by R. Minkowski with the 60-inch telescope on December 12, 1942. The 
spectrum, which is of special interest because of the very high intensity of bright lines of Fe 11 and 
[Fe u], will be described in more detail by Dr. Minkowski. 

HD 235668. ‘8 probably weak emission. Hy shows sharp absorption core.’’—R. M. Prrrir, Do 
minion Astrophysical Observatory. 


. HD 235679. Not previously announced. Ha found to be bright on an objective-prism spectrogram 


taken by W. C. Miller at Mount Wilson on June 28, 1940. 


51. HD 239855. Not previously announced. Ha found to be bright on an objective-prism spectrogram 


taken by W. C. Miller at Mount Wilson on July 15, 1939; also bright on a similar plate taken on 
June 28, 1940. 
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656. HD 215227. R. F. Sanford found H8 to be a weak bright line on a slit spectrogram taken at Mount 
Wilson on August 11, 1935. 

657. MHa 73(36). A thirteenth-magnitude star is 40’’ preceding. Not previously announced. Ha found 
to be bright (without continuous spectrum) on an objective-prism spectrogram taken by W. C. 
Miller at Mount Wilson on June 28, 1940. Ha and H8 were bright on a low-dispersion spectrogram 
obtained by R. Minkowski with the 60-inch telescope on December 9, 1942. 

658. HD 215605. Not previously announced. Ha found to be bright on an objective- -prism spectrogram 

taken by W. C. Miller at Mount Wilson on June 28, 1940. 

6060. HD 216851. Not previously announced. H8 found to have weak central emission by R. M. Petrie 
at Victoria. Ha suspected to be bright on an objective-prism spectrogram taken by W. C. Miller 
at Mount Wilson on October 7, 1939. 

663. HD 223385, Boss 6111. Ha found to be a strong bright line with absorption on its violet edge on a 
grating spectrogram, dispersion 34 A/mm, taken at Mount Wilson on September 8, 1933. 

666. HD 224905. Not previously announced. Ha found to be a weak double bright line by Andrew Mc- 
Kellar at the Dominion Astrophysical Observatory. 


BIBLIOGRAPHY 


Taking the opportunity to bring the bibliography up to date, we have listed 386 
articles published since 1932, with 21 earlier articles previously overlooked. For the 
decade 1930-1939 the whole bibliography includes 327 items compared with 71 and 159 
for the decades 1910-1919 and 1920-1929, respectively. A noteworthy feature of the re- 
cent literature is the increasing frequency of articles on spectrophotometry. Many ref- 
erences to spectrophotometric measurements of bright-line stars are in the bibliography, 
but we have not striven for completeness in this field. 


KEY TO BIBLIOGRAPHY 


The following section lists for each MWC star the relevant items of the bibliography 
(p. 173). The numbers in boldface type are the MWC numbers in the Catalogue’ and in 
the Supplement (Table 1 above). 


1 434 539 579 712 714 725 751 765 766; 2 586; 3 586; 4 510 539 586 622 751 760 765 766; 5 539 586; 
6 539 568 586 748; 7 392 393 400 474 478 486 498 510 537 539 541 545 627 645 647 717 751 759 760 765 
770; 8 482 496 539 647 716 717 765; 9 364 367 369 370 371 372 373 374 375 376 378 381 392 393 395 396 
397 398 403 415 421 436 444 445 446 448 454 459 461 462 478 479 482 487 488 493 496 500 502 507 508 
510 515 524 525 530 533 539 544 545 546 557 564 565 566 574 586 590 603 605 614 623 624 625 629 630 
631 632 634 635 636 637 638 640 641 642 644 645 647 650 651 656 660 661 662 664 667 669 674 675 676 
678 684 686 687 690 697 701 703 705 708 713 715 718 720 721 722 728 729 730 731 732 734 735 736 737 
740 744 746 756 757 759 760 761 763 764 765 766 770; 10 523 539 586 748; 11 523; 12 510 539 586; 13 
510 512 539 568 586 751 760 765; 14 539 586; 15 586; 16 383 386 392 393 397 398 401 409 425 478 504 
516 528 529 539 544 574 633 639 645 665 688 713 759 760 765 770; 17 558; 18 539; 19 539 568 586; 20 
539 586; 21 539 586 751; 22 586; 23 514 539 586; 24 586; 25 539; 26 539 748 766; 27 539; 30 539; 31 482 
496 510 539 568 704 712 714 751 760 765 766; 32 482 496 509 510 539 568 704 712 714 725 751 760 765 
766; 33 539; 34 539; 35 447 495 725 769; 37 510; 40 738; 41 539; 43 539; 44 539; 45 506 509 510 539 568 
704 712 714 725 751 760 765 766; 46 539; 48 539; 52 539; 55 539; 57 539; 61 510 512 539 568 751; 62 
586; 63 539 568; 64 539 586 744; 65 393 398 402 469 539 647 711 748 751 761; 66 586; 67 539 568; 68 
539; 69 365 392 398 478 507 510 539 647 747 757 759 761 765; 70 539 568; 71 539; 72 402 443 478 521 
539 594 645 747 748 759 768; 73 393 402 443 478 482 496 507 539 594 768; 74 392 420 443 478 487 539 
570 584 591 594 640 642 740 747 748 755 757 759 768; 75 390 443 457 458 463 464 520 521 560 561 566 
574 594 597 666 682 740 768; 76 498; 78 450 452 482 496 507 510 539 568 672; 80 539; 81 392 478 510 
539 645 647 757 759 760 765; 82 539; 83 539; 84 523 544; 85 562; 86 510 539; 87 539; 88 539 751; 89 
539; 90 562; 91 539; 92 392 393 395 478 481 482 496 498 510 512 532 539 541 647 702 704 712 714 716 


716; 98 402 507 510 539 751 759 +60: 99 5 539: 100 483 539 622: 101 530: 102 609; 103 539 751; 104 539; 
105 725; 106 725; 107 539 568; 108 440 585 725: 109 539; 110 365 368 393 398 402 501 507 510 539 540 
770; 111 402 507 510 539 751; 112 611 620 725; 113 725: 115 366 392 395 420 423 425 456 478 482 487 
496 516 528 534 539 544 559 574 581 640 642 645 678 680 709 757 759 765 767; 117 393 510 532 539 574 
751; 118 539; 119 510; 121 725; 122 510 539 751; 123 725; 124 510 539 751; 125 539; 126 609 
725; 127 539; 128 539; 129 539; 131 539; 132 393 400 482 496 498 510 512 533 539 541 584 627 716 751 
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756 757 759 760 765 770; 133 402 507 539 647; 135 539 562; 136 539 586; 137 523; 138 402 507 510 539; 
139 539 586; 140 510 512 539 586 751; 141 393 398 478 498 539 753 757 759; 142 510 539 544 574: 143 
393 398 507 510 539 678 692 719 770; 144 393 510 719; 145 437 512 539 574 611 622 668 725 760: 146 
539 751; 147 539; 149 539; 151 618; 153 539; 154 539; 155 510; 156 539; 158 429; 160 539; 161 539 568 
611 725 760; 164 539 586; 165 539 544 574 579 611; 166 510 512 539 568 586; 168 539 586; 170 473 494 
498 580; 172 539; 173 719; 176 482 496 539; 177 510 539; 178 393 398 420 456 478 510 645 657 659 710 
756 757 759 761; 179 539; 180 539; 184 510 532 539 751; 186 510 539; 190 510 539; 192 510 719; 195 719; 
196 719; 197 510 539; 202 620 683; 205 586; 211 719; 214 460 547 612 618; 215 611 616 677; 216 611 616 
719; 225 719; 226 719; 229 424 510 719; 230 719; 231 719; 232 510 719; 234 719; 237 393 420 478 510 
586 757; 239 427 516 539 574 719; 241 393 398 482 496 499 510 539 584 645 689 691 716; 243 510 719; 
251 539; 252 510 586; 253 539 586; 254 586; 258 719; 260 539; 261 719; 265 548 582 618; 266 510 514 
539 544 568 574; 267 611; 268 539 568; 269 451 611 619; 270 615; 271 539 568; 272 558 574 587 615; 
273 539 562 568; 274 522 526 617 677; 275 574; 278 393 510 539 584 586 719; 279 586 693; 280 539; 281 
428 539 568; 282 539; 284 539; 285 539; 286 539; 287 539 568; 288 573 586; 291 384 433 586; 292 539 
586 712 714 751; 294 482 496 510 539 568 586 725 760; 295 544 574 586 596 663; 296 586; 298 539; 299 
539; 301 539 568 586; 302 539; 303 586; 304 539 586; 305 586; 306 391 394 399 405 449 453 478 489 491 


586; 308 539 586; 309 539 586; 310 539 586 766; 311 510 539 586; 312 539 586; 313 379 382 393 418 485 
542 543 561 574 584 589 622 727 755 770; 314 587; 315 387 431 519 523 586 600 601 621 685; 316 586; 
317 510 511 535 539 568 586 760 765; 318 539 586 751; 319 510 539 586 751; 320 586; 321 586; 322 510 
539 586 751; 323 482 496 539 586 716; 324 586; 325 389 419 438 544 574 583 725 726; 326 482 496 510 
512 531 532 539 568 584 586 712 716 725 744 751 759 760 765 766; 327 510 532 539 562 568 586; 328 
539 586; 329 404 539 586 717; 330 510 539 568 586; 331 402 507 510 586; 332 539 586 751; 333 539 586; 
334 539 568; 335 588; 336 539 586 751; 338 392 393 409 414 432 471 479 482 488 490 503 510 512 527 
533 538 539 544 545 574 579 584 626 627 640 645 649 654 655 658 681 695 698 699 700 704 706 712 717 
723 725 751 752 759 760 762 765 766 770; 339 539 586; 340 586;341 402 507 510 539 586; 342 586; 343 
539 586 751; 344 539 568; 345 539 586; 346 539 586; 347 422 482 496 510 512 539 568 586 712 751 765; 
348 586; 349 575; 350 586 693; 3514 468 475 725; 352 392 393 498 507 510 539 586 759 765; 353 392 
393 411 474 476 482 496 497 510 537 538 539 541 545 584 586 591 627 647 712 716 717 725 743 751 757 
759 760 765 766; 354 539 586; 355 539 568 586; 356 539 586; 357 507 539 586 751; 358 510 539 584 586; 
359 393 398 402 482 496 507 510 539 586 645 765; 360 539 751; 361 539 568 748 765; 362 539; 363 539; 
364 392 398 478 507 510 539 640 717 757 761; 365 510 539 751; 366 510 539 568 751; 367 393 507 539 
647 748 751; 368 539; 369 539 751; 370 539; 371 539; 373 507 516 574; 374 544 574; 375 539; 376 510 
539 751; 378 539 568 751; 379 435 455 510 533 539 544 551 568 575 576 579 586 725 751 770; 380 482 
496 510 539 712 751 766; 381 539 748 751; 383 539; 384 365 398 507 539 647 719 761; 385 507 510; 386 
417 510 539 751; 387 393 398 507 539 647 761; 388 393 398 469 482 496 507 510 539 574 584 647 671 
678 711 712 716 751 759 761 765; 390 507 510 532 539 584 751; 394 398 507 510 539 647 678 692 751 
761; 395 539; 396 392 393 398 507 539 647 678 692 694 761; 397 544 754; 398 539; 400 412 492 574 575 
725 769; 401 539; 402 510; 403 506 510 512 514 539 568 765 766; 404 510 539 568 760 765 766 405 510 
514 539 568; 406 539; 407 510 532 539 751; 408 510 539 568 751 760 766; 409 539; 410 510 514 539; 
417 608 670; 418 578, 419 578; 420 385 393 478 549 757; 423 646; 424 510 539 568; 425 578; 426 724 
744; 427 578; 428 578; 429 562 578; 430 578; 431 578; 432 578; 433 578; 434 562; 435 578; 436 510 539 
568 725 740 754, 437 578; 439 578; 440 578; 441 578; 442 578; 443 578; 444 578; 445 578, 446 578; 447 
578; 448 578; 449 578; 451 578; 452 578; 455 549 749; 456 562; 457 578; 461 496 510 539 568 754 757 
770; 463 539 549; 464 549; 465 578; 467 439 648; 468 724 744; 469 578; 472 578; 473 578; 474 578; 475 
578; 476 562 578; 477 562; 479 578; 480 578; 481 578; 482 578; 483 578; 484 578; 486 578; 4874 468 
470; 490 441 578; 491 578; 492 609 725; 496 578; 500 578; 501 578; 502 578; 5044 505; 505 578; 5094 
513; 511 609 725; 513 578; 516 562; 518 578; 519 161 388 465 467 472 480 484 538 563 566 574 577 679 
725 770; 520 510 512 539 549 751; 521 413, 523 578, 524 578, 525 578, 527 578, 528 578; 529 578; 530 
413 539 578; 531 413 539 578; 532 413; 533 578; 534 442 539; 535 578; 536 578; 537 606; 538 578; 541 
413 578; 542 578; 545 442; 546 442; 547 562; 548 578; 549 578; 550 539 578; 552 562 578; 554 578; 555 
578; 556 578; 557 578; 558 578; 559 578; 561 578; 563 578; 564 442; 565 442 539 549; 566 578; 567 578; 
569 442 578; 570 408 410 510; 571 442; 572 442; 575 442; 577 514; 581 578 607; 582 442; 5834 377 518; 
584 549 724 744 745 750; 585 562; 586 406 416 550; 587 510 719; 588 562; 589 510 539 568; 
590 578; 591 610; 592 578; 593 578; 594 694; 595 578; 596 442 539; 597 442 539; 508 466 498 510 517 
572 584 755; 599 442; 600 595 673; 601 539 599; 602 539 549 599 719; 604 539 549 598; 605 442 539; 
606 442 539; 607 442 539; 608 385 539 549; 609 442 539; 610 539 568 578; 611 442 539; 612 562; 614 
724 744; 615 442; 618 430 549; 619 549; 620 578; 621 442 539 578; 623 578; 624 539 549 571; 625 724 
744; 626 578; 627 578; 628 510 539 568; 629 510 539; 630 562; 631 578; 632 280 295 407 536; 634 482 
496 510 535 536 539 568 712 751 765; 637 549 604; 638 578; 639 578; 640 578; 641 549 604; 642 510 539; 
643 562; 644 539 647 751; 646 578; 648 578; 649 578; 650 602; 652 578; 653 578; 654 578; 655 578; 656 
510 532 539; 659 578; 661 696; 662 578; 663 380 510 514 539 568 725 754; 664 578; 665 562; 666 510 
514 539, 


Articles referring to the Ha line are the only ones included in the bibliography. 
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ABSTRACT 
A summary is given of the spectral statistics of the second proper-motion program of this observatory. 
The 441 regions are fairly uniformly distributed over two-thirds of the sky. 


The present spectral counts are based on only 7600 classified stars, in contrast with 
the much larger numbers involved in the published spectral statistics of Harvard, Pots- 
dam, and Bergedorf. However, the McCormick material has the advantages that it 
samples two-thirds of the sky with a single instrument and that the number of samples 
is relatively large. Thus, although the total area classified is only four-tenths of the total 
area in the published portion of the Bergedorf Spektral-Durchmusterung,' the number of 
samples is ten times as large. 

The spectra were obtained for use in connection with the second general proper-mo- 
tion program now being prepared for publication at this observatory. The program con- 
tains 441 regions, each covering 0.46 square degree, which are distributed fairly uniform- 
ly from the north pole to — 20° in declination. The regions were selected without any 
regard to apparent features of the Milky Way, such as star clouds, absorbing matter, etc. 

All the spectra were classified by the senior author from plates taken with the 10-inch 
Cooke prismatic camera, the dispersion being about 300 A/mm at Hy. The observa- 
tional technique, the criteria used for the classification of spectra, and the relation of the 
McCormick system of classification to other systems have been described elsewhere.” 
The limiting magnitude of these spectral plates averages about 12™0 photographic. 

Inasmuch as the proper motions were determined with a photovisual telescope, the 
use of photovisual magnitudes is necessary. The system of the magnitudes has been 
carefully investigated by E. R. Dyer,* who found it very close to the international 
photovisual system in scale, zero point, and color, so that any systematic error arising 
from a combination of these three causes is probably not greater than 0™1. This is con- 
firmed by the satisfactory agreement between the McCormick spectral statistics and 
those of Bergedorf, as is shown in Figure 1 of the next paper. The disadvantage of-using 
photovisual magnitudes in presenting spectral statistics is that incompleteness sets in 
among the K and M stars at much brighter magnitudes than among the early-type stars. 
Thus, there were many early-type stars which could have been classified on the spectral 
plates but which were not included because they were too feeble to be measured on the 
proper-motion plates; conversely, late-type stars of photovisual magnitude 11 were some- 
times too faint to be classified on the spectral plates. 

Since the stars measured for proper motion are not complete beyond photovisual mag- 
nitude 11™5, the counts presented in the left-hand side of Table 1 have been limited ac- 
cordingly. It will be seen that the proportion of unclassified stars is rather large in the 
low-latitude zones of the last magnitude group. This is caused chiefly by the over- 
lapping of spectra. Since we deal with photovisual magnitudes, it is easily seen that this 
overlapping would affect the late spectral classes much more than the early ones. This 
is quite obvious in the case of a partial overlap between an A and a K star, both of 


! Bergedorf, 1935 and 1938. 
*Vyssotsky, Ap. J., 93, 425, 1941. 
3 Master’s thesis, University of Virginia Library, May, 1940. 
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photovisual magnitude 11.0, as the A star will be easily classified; but the K star, being 
of the twelfth photographic magnitude, will be blotted out. Accordingly, in order to com- 
pute the complete number of stars per 100 square degrees which are given in the right 
side of Table 1, we have distributed the unclassified stars, assigning 5 per cent of them to 
class F, 20 per cent to class G, 50 per cent to class K, and 25 per cent to class M. When 


TABLE 1 








No No. | ToTAL NUMBERS NUMBER PER 100 SQUARE DEGREES 
LATITUDE OF ie ay | ‘a | 
ZONE ace | | 
oon oh De- /BO-| B8-| AS-| F5-|GS-| K5-,, | To. BO BS AS~ | FS-| GS K5~ To 
TONS! crees | BS| A2 | F2 | GO| K2 | M8 |“ tat | BS | A2 | F2 | GO| K2/ M8/ tal 
| } | | 

= Set ae 

8.5-9.4 
61°-90° SS 2555 2 St es 19 (i 47 8 20) 83) 75 186 
41 -60 89) 40.9 6| 14) 20) 43) 5 88 15} 34 49) 105) 12) 215 
21 -40....| 104) 47.8 9 22) 35) 64) 27 157 19} 46) 73 134; 56} 328 
11-20... 87, 40.0 2} 49| 20; 27; 57) 20 3; 178 5; 122; 50; 68) 148 53) 450 
6 -10.. 45) 20.7 31-27) 431 29) 332) 45 6| 115} 14) 130} 63] 97) 169) 82) 550 
O'S... 61; 28.1 | 13} 54| 24 26 54 15] 1 191. 46 19 85) 96) 199) 57) 680 

9.5-10.4 
61-90...) 551-253 2 5| 42; SO] 214 5) 108 8 20 170 209 16, 420 
41 -60.... 89, 40.9 4| 27) 82} 101| 18 3) 235 10; 66 200) 251 46 570 
21 -40....| 104) 47.8 17, 49 95) 166) 30 7| 364 36| 102; 201! 355; 67) 760 
11-20... 87; 40.0 1} 73) 55} 94! 148) 44 25 440 3) 182) 140; 248 400 125 1100 
6 -10 45} 20.7 65) 35} 43) 76} 25 19) 263 314! 174! 227; 410) 145'1270 
0-5 J) eG) 2821 23) T7i) OS} St) 420) 33°14 34. 528, 82 610 239 313 490) 146 1880 
10.5-11.4 

61 -90....| 55) 25.3 1 2} 109; 70) 9 | 19, 210 4. 12 450) 312 830 
41 -60.. 89 40.9 3) 17} 164) 163} 19 | 56| 422 7; 49 430) 470 1030 
21 -40... 104! 47.8 31; 51) 281) 304) 30 | 1 139) 837 65 121 650 780 1750 
11-20... 87) 40.0 3; 77} 85) 268] 266} 43 | 1 | 241) 984 8 192) 242 790 2460 
6-10... 45; 20.7 1; 137} 72} 136) 109) 19 | 2 | 181] 657 5 660 391 830 3170 
O-5 61; 28.1 | 41) 289, 117) 210) 128) 24 | 1 | 348)1158! 1461030) 480 1000 4100 


| mm 
* Numbers in this column are counts of stars which could not be classified, usually because the spectrum was obscured by an 
overlapping spectrum. Before the right half of the table was computed, the unclassified stars were apportioned to spectra] classes, 
as explained in the text. When, by this apportionment, the number of stars was increased more than 33 per cent, no figure is 
tabulated. 


this apportionment increases the number of stars in any group more than 33 per cent, 


no figure is tabulated. 
A comparison of the material in Table 1 with the Bergedorf statistics, together with 
an analysis of both sets of statistics, will be found in the paper immediately following. 


The measurement and reduction of the magnitudes was carried through by E. R. 
Dyer and R. G. Reed. The compilation of these statistics was performed by Miss 
Pauline Yancey. 
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GALACTIC STRUCTURE AND KINETIC THEORY 


A. N. Vyssotsky AND Emma T. R. WILLIAMS 
Leander McCormick Observatory, University of Virginia 
Received May 31, 1943 


ABSTRACT 


It is shown that the apparent galactic concentrations of main-sequence stars can be predicted from 
those of A stars by an assumption of equipartition of energy. This may be seen from the observed and 
predicted curves dealing with A, F, and G stars in Figures 1 and 2. The much smaller apparent concen- 
trations of stars of the giant branch are consistent with their larger kinetic energies. 


According to recent evidence,' the mean kinetic energy of dwarf M stars, discovered 
without knowledge of their motions, appears to be about the same as the mean kinetic 
energy of A-type stars. This again suggests equipartition of energy among stars of the 
main sequence. The idea is by no means new,” but it has never gained wide acceptance. 
Although it is well known that the mean kinetic energy of the stars of the giant branch 
is considerably greater than that of the A stars, it remains quite possible that equiparti- 
tion may obtain among all stars of the main sequence. 

A simple confirmation of the validity of this assumption has been found in the McCor- 
mick spectral statistics, and it is even more pronounced in the Bergedorf material, which 
includes fainter stars. 

MATERIAL 

The McCormick spectral counts presented in the preceding paper were combined into 

three zones of galactic latitude, as shown in Table 1. Logarithms of the numbers of 


TABLE 1 
Galactic Mean No. of ns : 
Zone Latitude Regions } Square 
Degrees 
41°-90 57 144 66.2 
11 -40 23 191 87 8 
0-10 5 106 48 8 


stars have been plotted against the sine of the galactic latitude in the upper half of 
Figure 1. It is seen that the apparent galactic concentration of eleventh-magnitude F 
stars is not very different from that of the ninth-magnitude A stars which are at approxi- 
mately the same distance. To facilitate the comparison, the zero points of the ordinate 
scales have been adjusted so as to bring the two curves opposite one another. Similarly, 
the curve for the eleventh-magnitude G stars has been dropped to a position near that 
of the ninth-magnitude F stars on the assumption that the eleventh-magnitude G stars 
are largely dwarfs. In the case of the K stars, however, the ninth-magnitude group is 
composed largely of giants* and should therefore be compared with the curve for ninth- 
magnitude A stars and eleventh-magnitude F stars. The curve for the tenth-magnitude 


1Vyssotsky, Ap. J., 97, 381, 1943. 
2Cf. Halm, M.N., 71, 634, 1911; Seares, Ap. J., 55, 165, 1922. 
3 Pub. Leander McCormick Obs., 7, Table 4.3, 1937. 
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Fic. 1.—Ordinates are logarithms of the numbers of stars per 100 square degrees; abscissae are propor- 
tional to the sine of the galactic latitude. In the upper half of the diagram the numbers adjacent to the 
curves denote photovisual magnitudes; in the lower half they denote photographic magnitudes. The 
dashed curves represent counts from the Henry Draper Catalogue. 
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K stars has been indicated by dots only, inasmuch as the proportion of dwarfs is con- 
siderably larger, being in the neighborhood of 30 per cent. 

Adjusted counts from the Henry Draper Catalogue for the magnitude group from 7.0 
to 8.254 are represented by the dashed curves. The adjustment consisted of reducing the 
numbers to a one magnitude interval. In the case of the high-latitude A stars, where the 
numbers are not increasing with increasing magnitude, they were simply reduced by 
20 per cent. In the case of the low-latitude A stars and the K stars, they were reduced 
by 33 per cent, to allow for an increase in the logarithm of the numbers with magnitude 
which amounts to approximately 0.4. 

The Bergedorf statistics> were combined similarly into three latitude zones, as indi- 
cated in Table 2. It would have been desirable to have used smaller latitude groupings, 
but a comparison with the McCormick material indicated that certain systematic irregu- 
larities appearing in the smaller groupings were probably attributable to sampling fluc- 
tuations. The Bergedorf counts for the four magnitude groups from 8.5 to 12.5 photo- 
graphic were obtained from their Table 2; those for the thirteenth magnitude stars were 
obtained from the left half of their Table 3 by a weighted combination of their nine 
groups. 

The Bergedorf statistics are plotted in the lower half of Figure 1 in the same manner 
as that used for the McCormick statistics It should be borne in mind, however, that 


TABLE 2 
Galactic Mean No. of No. of 
Zone Latitude Regions Square Degrees 
39°-72 53 14 175.0 
13 —36 22 19 237.5 
O-9 5 10 125.0 


their magnitudes are photographic, so that their tenth-magnitude K stars correspond to 
McCormick K stars of ninth magnitude. The dashed curves again represent the Henry 
Draper Catalogue statistics. 

The agreement between the Bergedorf and McCormick statistics is surprisingly good 
in most cases and gives us considerable confidence in their representative character. 
However, they may not represent apparent galactic concentrations in the directions of 
the galactic center and Carina. 

DISCUSSION 


The Bergedorf statistics show even more plainly than those of McCormick that the 
apparent concentrations of the main-sequence stars present an orderly progression and 
that the giant K stars are in striking contrast. It is immediately evident that the ap- 
parent concentration of the dwarfs is greater than that of the giants at approximately 
the same distance. 

A feature of the Bergedorf counts not shown in Figure 1 is that the numbers of A 
stars fainter than eleventh magnitude increase very little, as may be seen from Table 3. 
It appears, then, that at the fifteenth magnitude the number of F dwarfs in low latitudes 
will not be much greater than at thirteenth magnitude; and, similarly, that the maxi- 
mum of the G dwarfs will be reached at about seventeenth magnitude. 

It is of interest to see just what sort of curves we might expect if equipartition of 


‘Shapley, Harvard Cir., No. 248, 1923. 


5 Bergedorfer S pektral-Durchmusterung, 2, 12-13, 1938. 
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energy obtains among the main-sequence stars. To keep the argument in its simplest 
terms, we shall assume constant density in the galactic plane and no absorption of light. 
If the main-sequence stars behave like the molecules in an isothermal atmosphere, the 
number of stars of a given spectral type per unit volume would be proportional to 


10 — Kuz , 
where 
z = distance from the galactic plane = r sin } 


and yu is the average mass of the dwarfs of that spectral type in terms of the average 





mass of an A star. In other words, the log of the number of stars between magnitudes 
(m. — 3) and (m, + 3) per 100 square degrees would be 


C + log volume — r,.kuw sin 6 =C, — r,ku sin 6 ; 


and the log of the number of stars between magnitudes (m, + n — 3) and (m, + n + 3) 


would be : 
C,+0.6 n— 10°" r,ky sin Ob. 


Assuming the mass-luminosity relation for a determination of the relative values of 
for types A, F, and G, we have left four disposable constants with which to attempt to 
TABLE 3 


LOGARITHM OF THE NUMBER OF A STARS 
PER 100 SQUARE DEGREES 


MEAN GALACTIC LATITUDE 
PHOTOGRAPHI( 
MAGNITUDE 
10.5-11.5 2.93 2:47 A 
113-1255 3.05 2.20 1.26 
12.5-13.5 3.06 2.01 0.95 


represent the twelve curves in the first three sections of the lower half of Figure 1. We 
have used the following values for m, = 9: 


rok = 1.6 for A stars 


Co ='2-4 toe A: stars 
Co: = 1.6 for F stars 
Co = 1.5 for’ G stars 


The results are shown in the first three sections of Figure 2. 

As for the K giants, since their masses are approximately equal to those of the A stars 
and their velocities perpendicular to the galactic plane are about twice those of the A 
stars, they may be expected to behave like the molecules of a gas at four times the tem- 
perature. In other words, we must use & 4 in computing their curves of apparent galac- 
tic concentration. 

It is seen that these simple assumptions give a fair representation of the general trend. 
The representation could be much improved by plausible assumptions as to the absorp- 
tion of light in space and a gradual decrease of densities in the galactic plane with in- 
creasing distance from the sun, inasmuch as the portion of the sky sampled is closer to 
the anticenter than to the center. But Figure 2 suffices for our purposes. 
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It is of interest to note that, from the constants chosen for the representation of the 
behavior of the K giants, we may predict that at the poles of the Galaxy their numbers 
will reach a maximum at magnitude 12.5, after which they will fall off rapidly. This 
agrees satisfactorily with the results of Malmquist’s spectrophotometric study of stars 
within 5° of the north galactic pole, in which he found the maximum at magnitude 12.0.° 
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Fic. 2.—Representation of the curves in the lower half of Fig. 1 on the assumption of equipartition 
of energy among stars of the main sequence. In the prediction of the curves for the F stars from those of 


the A stars we have assumed AM pg = 2.0 and A log » = —0.14, so that the slope of the curve for the elev- 
enth-magnitude F stars is 0.73 times that for the ninth-magnitude A stars. Similarly, in the prediction 
of the curves for the G stars we have assumed AMpg = 4.5 and A log u» = —0.33, so that the slope of 


the curve for the G stars of magnitude 13.5 would be 0.47 times that for the ninth-magnitude A stars. 
The curves for the K stars are computed on the assumption that they are largely giants with much larger 
kinetic energies. 


The conclusion that the Galaxy in our vicinity may be represented as two imperfectly 
mixed systems is in accord with many investigations of the dynamical properties of the 
Galaxy’ which indicate the complexity of the galactic structure so far as solar motion, 
galactic rotation, and ellipsoidal distribution are concerned. It also accords with the 
observed inequalities in the relative numbers of A and K stars in different parts of the 
Milky Way.* 

6 Trans. I.A.U., 6, 460, 1938. 

7Cf. Lindblad, Handb. d. Ap., 5, 1048-1067, 1933; Nordstrém, Lunds Astronomiska Obs., Ser. I, 
No. 79, 1936. 

8 Cf. Williams, Ann. New York Acad. Sci., 42, 192-193, 1941; Vashakidse, Bull. Abastumani Obs., 
No. 6, p. 78, 1942. 
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ABSTRACT 

The point-source stellar models having envelopes in which the opacity is assumed to be due entirely 
to electron scattering are investigated. The effect of radiation pressure in the equation of hydrostatic 
equilibrium is allowed for, and a series of models is constructed applicable to stars with masses up to about 
100 times the solar mass. These models provide a limiting case of stellar models, for the mass-luminosity 
relations for these models provide upper limits to the values which the luminosity can take. Such models 
are not applicable to most of the Trumpler stars. The central temperatures computed for these models 
are consistently too low for energy generation on the carbon cycle. 


1. Introduction.—The effect of radiation pressure in different stellar models has been 
investigated by the present author in two previous papers.' In the first of these papers a 
wholly convective model was studied. In the second paper the point-source model, which 
consists of a convective core and an envelope in radiative equilibrium, was studied. In 
these latter models the opacity was assumed to be caused by photoelectric absorption, 
described by Kramers’ law and approximately corrected for the guillotine factor. 

However, with increasing temperature and/or decreasing density the opacity due to 
electron scattering gains in relative importance over the photoelectric absorption. It 
has been realized that for certain of the more massive stars this is the more important 
source of opacity.” In addition, the integration of the equilibrium equations in paper II 
showed that for stars in which the mass was greater than about ten times the solar mass, 
the model of paper II was not satisfactory. Hence, it was considered necessary to in- 
vestigate the stellar models with convective cores and radiative envelopes—with opacity 
due to electron scattering. Since this model is expected to apply more particularly to the 
more massive stars, it is important that the effect of radiation pressure in the equation 
of hydrostatic equilibrium be allowed for properly. 

2. The equilibrium equations for the envelope-—The equations to be satisfied in the 
envelope are 


. ; 
i a a = ps (1) ate =4rr*p, (2) 
c - tf 
and 
ee KL p 
, = cilia 3 
aps 4c r?’ 9) 
where 
x = 0.19(1+ X) cm?/gm = Constant , (4) 


x being the coefficient of opacity, XY the percentage content of hydrogen by weight, 
L the luminosity which is assumed constant in the envelope, c the velocity of light, 
and the other symbols having the meanings assigned in paper I. 

Now the above equations have been put in one suitable form for integrating* and 

1 Ap. J., 93, 483, 1941; 96, 106, 1942. Hereafter referred to as “paper I” and ‘“‘paper II.” The equa- 
tions therein are referred to as (I:m) and (II:n). 

2 See, e.g., J. Tuominen, W.N., 100, 86, 1939. 

3 See S. Chandrasekhar, An Introduction to the Study of Stellar Structure, p. 333, Chicago, 1939. 
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have been integrated for certain values of an appropriately chosen parameter by 
Keenan.‘ Consequently, to make use of his integrations in attempting to fit envelopes 
to the convective cores, the equations will first be reduced to the form used by Keenan. 

We shall want to introduce the following sets of transformations, applying first one 
set and then the other. Let 


r=aé : = (2) V2a,x71 | 
P= Pc ; = as sts 
T=T.60 ; = ar vt gitsih 15) 


M(r) =4nra'pw; y= (3)*?y’, 





Y1Pc p 2 
), = —— ; ), = F , ar, 
( ays" ( (3) "0", 
where 5 | rT 
= ) Y2ic 
oS ae 6 
O54 _ 
KL k a 
Lie” me Y2 = 7? Ya= 3» (7) 


and where 6, will be a parameter in the family of integrations to be performed, a3 a 
homology parameter, and p,, 7., u, H,and k have the meanings of paper I. Also, letting 
y denote the ratio of the radiation pressure to the gas pressure, we have 


, m3 3 3 
y = MY3 I’ a" = ¥, 0° $ (8) 
: Y2 Pc o 
Since 
Dt Cie eee 
P=— pT +5T*=- —(cA+y.64) , (9) 
wl 3 be 


the equations of equilibrium now take the form 


d , . o d (6*) o dy i 
— " = —}—y; (10 —— = —0Q,-=; (11 —=£¢. (12 
gg (oO + 9-6") baa (10) dé On 2 (11) dé fo. (12) 
Dividing equation (10) by (11), we find 
d(a@) 5 
bi a : 13 
d(o) += 20," ) 
Differentiating the foregoing equation with respect to 6‘, we find 
d*(a@) 5 
———— == ——— f4. 14 
d ( 64) 2 20? s ( ) 


Now introduce the second set of transformations in equations (5). The equations (11) 
and (14) reduce to 
ag 
dr? 


dr 


am g's (15) —— = §8/4e 7/4, (16) 
dx I 


‘Ap. J., 89, 499, 1939. 
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In integrating equations (15) and (16) we can, without loss of generality, suppose that 
at « = 1 both p and T vanish and that, further, (df/dr),-1 = 1. This does not imply 
any loss of generality, since we can later choose a; such that the radius of the star cor- 
responds to any assigned value R; moreover, the factor 6; allows for the normalization 
of (d¢/dr) to be unity at the boundary of the star. 

3. The equations of fit.—We assume that equations (15) and (16) have been integrated 
to give a family of envelope solutions. We also have integrations of the convective model 
for values of y. = 0.1, 0.25, 0.5, 1.0, 2.0. We wish to fit on to each of these convective 
cores an envelope from the family of solutions just obtained. The procedure is as follows: 

We have the usual conditions for fitting, that is, the equality at the interface of 
r, P, T, and M(r) as given by the equations on both sides. In addition, there is the con- 
dition for the equality of the convective and the radiative gradients of temperature. In 
the present case, due to the various equalities and assumed constancy of » throughout 
the configuration, this latter condition may be expressed as the equality on both sides 
of the interface of either of the following expressions: 

TA 2 4 
. (17) sl (18) 
dr ao dé 


But we know that for the envelope the latter expression is equal to Q,. Hence, if we de- 
termine Q, by setting it equal to the value of (18) for the core at the interface, we satisfy 
the condition regarding the gradients of temperature. 

From equations (13) and (5) we find 


i” d(a@) ; ae ») 3/2 (G 61 d¢é ns 
actin (Gay +%)= (SO "ona dr TY le 


where a subscript ‘‘env” or ‘‘core’’ denotes the value of a function in the envelope or core, 
respectively. 

Now we see that the conditions of fit require the equality at the interface of the 
following quantities of the core and envelope, respectively: 


df. 2) 1/2, 4-1 





a = E core, = (=) “A3% . 
: = Ovore, = A, —" * 6! er, 
(20) 
T; ri (26 
r= Ocore; = a3 ‘O95 ri", 
Mi(r), 
Tratgn 7 Yoo: Yow 
where 
fr £2 d (64) 
o.= (nigra (—£ 409 (21) 
ao dé core, 
and the subscript 7 denotes the value of the quantity at the interface. 
To eliminate the homology constant, a3, we re-write these equations as 
on * wing Be os 
[or : =(Q%: | = 6, (22) 
th Y Jeon T 
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which gives the first equation of fit. Also, from equations (I: 34) and (5) we find 


Yeore, = (- eo) = (-¢ 6 ye 00 dF 
dé Cores ey dé dé core; 


c1+8yt6.4y’ 


— » 5 lt et, Bench | (23 
10. | ee (23) 


Hence, we find 
61 d¢é 


yo 1+8yt6.4y? aes (- 5 dt | 
- ae D re (3) QO Q//s dt + ¥- : (24) 


—1(2)V/%’ Bosis ACS 
wim ate i 1+4y 


On simplification and dividing by equation (22) we find as the second equation of fit 


EOL. ) C 
Cima “Ga (28) 
Finally, we find 
(EO) can, = (BOR se |, (26) 
or 
(O*-"'FE@) core; = (RE (a2) 5. (27) 


Now introduce the variables Ucore, Vcore, Weore; Uenv, Venv, Wenv, defined by 


A ee 4 | a 3 S), (28) 
O22 9 sen ¢ dr 
V core = (Q’ ;' FEO) core; V env = (=)? 7a" (arte) ? (29) 
W cor a (0” 3 2s) , W env = 5, ‘a (30) 
vo core t 


In these equations we let Q’ be determined at each point of the core by the values at 
that point of & o, and d(6*) dé. Then, when the fitting is finally completed, the value 
of the QO’ at the interface found will be just the value of Q’ that we need for equations 

21) and (5). 
With the equations of fit in the form 
U core; = Cua; 5 V core, * Vieav; W core; = Wenv; ; (31) 
it is found that for each value of y, there is exactly one envelope integration with which 
a fitting is possible; that is, for each value of y, there will be associated a particular 6, 
which will represent the appropriate envelope integration to fit the given core integra- 
tion. 

4. Revised envelope equations and starting series.—Having developed the necessary 
functions U’, V, W, for the envelope integrations done by Keenan, it was found necessary 
to make further integrations. For this purpose the following additional changes of nota- 
tion were made. Let 


r=4u'; c= su‘; -me!, (32) 
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Then, equations (16) become 


ds ,_5dz dx 
— -+-— — = —16u?x-!; —=aeg!, (33 
du*® u du du 
In our present variables the earlier boundary conditions that 

dé 

c=0: +r=0; x=1; md, (34) 
dr 

are replaced by the boundary conditions that 

1z . 

u=0; g=i1-; x=1- —— a ®. (35) 
du 


In terms of u as the independent variable, z and x can be expanded as power series 
in « near u = 0. We find the following series to start the integration: 


=1+e+ 10 u> — 3°. e?u8§ + o° but — 42 Auk+...., (36) 


* 


= 1 — $ut+t $f eu> — § c?® + 33,0 Bu? — 35 us + yh (S6E+3 
— 1,55 (844° + 338 e yl ovens 


i] 


(37) 


We may note here the forms which the equations of fit take in our present variables: 


_ 0.15625+y -* dz 
“me a " mye 38 
c , (- eS, 25 ) + ¥y = ore z du al 1) . ) 


— ‘ , u 

Vv: (Gir), eer) (39) 

7: (9%) 
¥ 


After the fitting is completed, we shall know Ecore, and Xenv;. We may then use the 
first of equations (20) to determine a3. The fitting for most of the cases was made so as 
to be accurate to within about 1 per cent for the temperature, density, and mass. An 
indication of the accuracy of the fitting is given in lines, 8, 9, and 10 of Table 1, figures 
which show the ratio of o, 6, and ¥ on both sides of the interface. 

5. The limiting case, y. = 0.—In this case the radiation pressure is neglible in the 
equation of hydrostatic equilibrium. There are some slight changes which must be made 
in the equations for this case. 

The core will now be a polytrope of index, nm = 3. Further, in all equations in which 
y- occurs as in equation (19), we may set it equal to zero. But in equation (22) the trans- 
formation from (¢/6*) to (y./y) is no longer possible, and a slightly different procedure 
must be adopted.*® We then find that 


a | ae =(o 5) . (41) 


The density distribution in all but one of the models is plotted in Figure 1. 


(40) 


II 
mo 
“a 


env; 
core; 


5 After this manuscript was ready for press, a reprint of Zf. f. Ap., 20, 293, 1941, arrived in which 
what corresponds to our limiting model for y. = 0 was treated by M. Rudkjébing. The values quoted 
in that paper for the sun with » = 1 agree with the values computed from the constants of this paper. 
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Fic. 1.—The density distribution in the point-source stellar models wa 
scattering. The curves from right to left, at o = 0.7, are for y. = 0, 0.1, 0.8, 1.0, 2.0. 
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6. The mass relation and other relations.—As in the earlier papers, we have the mass 
relation 

uM = (3)°?Cyl*y, =Cyl?y, (42) 

where C is a constant defined in the earlier papers. Measuring the mass in solar units, 


we have 


wM = 1.118 yy". (42’) 


For the ratio of the central density to the mean density we find 


—_— 
md. (43) 
p ¥; 
The central temperature will be given by 
r= %3 uH GM (44 
= ) 
vi k R 
or, measuring the mass and radius in solar units, we find 
—_ = a: M - 
log T. = 7.364 +log = +log = (45) 
vy R 
From equation (5) we find, after making certain elementary substitutions, that 
KL rT. GM 
= a70, — = y.0'— (46) 
4arc p. Y; 
or 
4ac GM 4xc _.,.Q'ye? - 
L= : yy’ cs = CG =. (47) 
K Y, K Ti 
Finally, if we substitute for x from equation (4) we find, again in solar units, 
log L= 4.890 +log (y370’) —log[uw? (1+ X) |. (48) 
In the limiting case of y. — 0, we have the relation 
| Le ‘M3 
L= C~*GQ’ . ae (49) 
K (y)° 
or, in solar units, 
log L = 4.745 +1 (S,)+! (_4 ye) +3 log a 50 
og L=4./49 og {| ——— }]+ log : 3 log M. (30) 
° Bes PMT EX R 


The various constants of the integrations are given in Table 1. 

7. The mass-luminosity relation and hydrogen content.—The equations (50) or (42’) 
and (48) enable us to plot theoretical mass-luminosity-mean molecular weight relations. 
In doing so, we assume that the mean molecular weight is given by 

; ) 
(51) 
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where X is the hydrogen content by weight and Y the helium content. Actually, we will 
get a two-parametric set of curves, depending on the value of Y chosen. However, with 
the assumed law of opacity there is very little dependence on Y in the theoretical curves 
for a given u. We have drawn such curves in Figure 2, using Y = 0. On the same dia- 




















w 


LOG M 


Fic. 2.—The mass-luminosity diagram for the point-source stellar models with opacity due to elec- 
tron scattering. Mass-luminosity curves are drawn for u« = 0.5, 0.6, 0.8, 1.0, 1.2, 1.4,and 2.0 with Y = 0 
in allcases. The short curves at the top of the figure labeled 0.1, 0.25, 0.5, 1.0, and 2.0 are for constant 
values of y.. The straight lines labeled 1.1 - 107, 1.1 - 108, 3 + 10°, 1.1 + 10", are lines of constant time 
scale, r. The stars are taken from Chandrasekhar’s monograph (pp. 489, 490). The open circles repre- 
sent Trumpler stars. 


gram we have also plotted the values of log 1 and log M for various stars taken from 
lists in Chandrasekhar’s monograph.*® 

It is seen that for most of the less massive stars no satisfactory solution is possible on 
the basis of these models. However, for a few stars from ten to fifty times the solar mass 
solutions appear possible. It is seen that no star lies above the limiting curves. This is, 


6 Op. cit., pp. 489, 490. 
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of course, to be expected, inasmuch as the electron scattering provides a lower limit to 
the opacity and, hence, an upper limit to the luminosity. 

Earlier discussions of such mass-luminosity-mean molecular weight relations on the 
basis of a photoelectric source of opacity, (xa), have shown that for a given helium con- 
tent there may be two possible solutions for the hydrogen content. In the case that Y 
is assumed to be zero, one of the solutions corresponds to an abundance of hydrogen of 
practically 100 per cent. It was realized that for some stars such a solution might not be 
significant because of the neglect of the opacity due to electron scattering, (x.). Conse- 
quently, we have examined for a few stars the whole range of solutions for the hydrogen 
content with varying helium content on the xa model. The results are given in Table 2, 
It will be noted that in a few cases there is a slight difference from the values quoted in 
paper II. This is caused by using a different method of interpolation between models, 
In the case of the sun, the temperatures given in the earlier paper for Y = 0.2 and 0.4 
are incorrect. 

We have also examined the possible range of solutions on the x, model wherever solu- 
tions on this basis are possible. Since, in any actual star, whether one law or the other 
applies predominantly will depend on the physical conditions of temperature and density 
which prevail, we have computed for each theoretical solution the ratio of the two opaci- 
ties for a value of the temperature at a point where 7, = %7,. The formula for this 


ratio is given by 
(“ 2) 2.3. 10*(1—X— v)(58; £).. (52) 


Only solutions in the range in which this quantity is less than 1 should be considered as 
suitable solutions on the x, model. The value of the logarithm of this ratio is given for 
each of the solutions in Table 2. The values of (7/g) used were those computed by 
Morse.’ 

Now, in those cases where this ratio is nearly unity, it would be desirable to have inte- 
grations based on the two sources of opacity combined properly. However, lacking such 
detailed calculations, we can assume that in those cases the opacity is to be doubled, 
and then this would enable us to see roughly how the solution for the hydrogen content 
is affected. It is clear that doubling the opacity coefficient, ka, has the effect of decreasing 
the predicted luminosity by a factor of 2. Hence, the solution at the high hydrogen end 
requires even greater abundance of hydrogen, which in turn represents a tendency to 
decrease the ratio (x./x,) even further. In cases such as X = 0.998 for the sun with 
log (ka/ks)s = —0.2, the figures indicate the greater importance of x,. Now, if we take 
the electron-scattering model for the sun, we see that no solution is_ possible. 
It would follow that we should exclude this as a possible solution for the sun. However, 
before this is done, we should compare the guillotine factor that was used in integrating 
the x, stellar model with the one which would exist under the conditions of (XY, p, 7). 
These values for the guillotine factor are tabulated under log (7/g)». The value used in 
the integrations of paper II for log (7/Z)» was 0.8; i.e., it was too small by about 0.3 on 
the average throughout the model. Hence, the predicted log L should be increased by 
0.3 in order to have the model apply to the sun. Consequently, a solution for the value 
of (1 — X) with the correct opacity would have given a larger value of (1 — X) and 
log(ka/ks)» would have been increased by approximately 0.3. Hence, it appears that an 
integration for the sun which accurately allowed for both types of opacity might show 
that a model with Y = 0 and X ~ 1 isa possible model. In the case of 8 Aur A, how- 
ever, it would seem fairly definite that the solution with Y = 0 and with X ~ 1 should 
be excluded. 

8. Central temperatures and energy generation.—In addition to testing whether the 
model would obey the assumed law of opacity, we would like to find, if possible, models 


7Ap. J., 92, 27, 1940. 
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TABLE 2 


SOLUTIONS FOR HYDROGEN CONTENT, ETC. 


Star /Mpeeny| m | x if 1—-X-Y log pe log Te 
Law | | 
Sun ka | 10.998 | 0.0 | 0.002 | +2.00 | 7.09 | 
| .794 2 006 | +2.00 | 7.14 
575 4 025 | +2.00 | 7.22 | 
| .40 5 10 +2.00 | 7.30 | 
| 32 "4 28 +2.00 | 7.35 | 
31 my. 49 +2.00 | 7.38 
31 0 69 +2.00 | 7.40 | 
Capella ke | | .99 0 01 —0.98 | 6.51 | 
76 2 04 —0.98 | 6.58 | 
55 25 20 —0.98 | 6.66 | 
51 2 29 —0.97 | 6.69 
48 0 52 —().97 | 6.72 | 
Sirius Ka | 996 | .O 004 | +1.62 | 7.21 
788 2 012 +1.62 | 7.27 | 
51 4 09 +1 .62 | 1.37 
46 4 14 | +1.62 | 7.39 | 
| .39 2 41 +1.62 | 7.45 | 
ee 0 62 +1.62 | 7.48 
c Her A Ka 9997 0 oo0s | +1. 14 | 6.77 
8992 1 0008 | +1.11 | 6.80 | 
494 5 006 | +1.11 | 6.94 | 
24 7 06 =| +1.11 | 7.06 
18 7 12 4-1.11 | 7.10 
13 5 37 47.11 | 7.16) 
15 1 75 ft 15°} 7.20 
16 0 84 44.11 | 7.21 | 
| 
k 0.525 | .94 0 06 +0.57 | 6.66 
0.525 924 0755, .0005 | +0.57 | 6.66 
| 0.525 924 076 00 +0.57 | 6.66 
ADS 3210 Ka 99998, .0 00002} +1.95 | 6.77 
| (79994) .2 00006 +1.95 | 6.83 
5998 4 0002 | +1.95 | 6.90 
298 7 002 | +1.95 | 7.02 
08 e. tb @ +1.95 | 7.15 
(02 9275) .0525 | +1.95 | 7.19 
01 00 99 41.95 | 7.36 | 
Ke 0.61 76 0 24 +1.41 | 6.72 
| 0.61 71. | 2896 .0004 | +1.41 | 6.72 
0.61 7 <b. 0 +1.41 | 6.72 
6 Aur A | _...| .998 | .0 002 | +1.09 | 7.04 | 
| “794 | .2 | .006 | +1.09 | 7.09 | 
575 4 025 | +1.09 | 7.17 | 
33 4 27 +1.09 | 7.30 | 
31 2 49 +1.10 | 7.33 
31 0 69 | +1.10 | 7.35 | 
wo 10584 | .@ | 2 10 +0.54 | 6.93 | 
0.54 | .882 115 003 | +0.54 | 6.93 
0.54 | 0.88 0.12 | 0.00 +0.54 | 6.93 


» | Ka\ | Z 
log Te th (£2), 8 (z), 
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30 | —0.2 | 
30 | +0.2 | 
30 | +0.6 | 
30 | +1.0 | 
30 | +1.3 | 
30 | +1.4 
30 | +1.5 
56 | +0.6 | 
56 | +1.0 | 
56 | +1.5 | 
56 | +1.5 | 
56 | +1.7 | 
.39 | —0.4 | 
39 | —0.1 | 
39 | +0.5 
39 | +0.6 
39 | +0.9 
39 | +1.0 
} 
39 | -0.4 | 
39} 0.0 
39 | +0.5 | 
39 | 41.1 | 
39 | +1.3 
39 | +1.5 
39 | +1.7 
30 | +1.7 | 
| 
+2.1 | 
0.0 
— © | 
31 | —1.4 | 
31 | —1.0 | 
31 | —0.6 | 
31 | +0.1 | 
31 | +0.8 | 
31 | +1.1 | 
31 | +1.8 
| 42.8 
| 0.0 
44 | —0.4 
44 | —0.1 
44 | +0.3 
44 | +0.8 
44 | +1.0 | 
44 | +1.1 
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TABLE 2—Continued 


eh Opacity ; : , : law f “2 ee Ci 
Stas a P x } i~K-F'| toeec | lor T, | len Te (=*), 1 g (a), 
Castor C; Ka 0.997 0.0 0.003 +2.34 |} 7.07 | 7.22 | +0.1 1.6 
792 2 008 +-2.34 1) 7.13 | 7.22 | +0.4 1.5 
56 4 04 +2.34 | 7.21 | 7.22 | +0.9 1.4 
37 4 23 +2.34 | 7.31 | 7.22 | +1.4 1.4 
34 2 46 +2.34 |} 7.34 | 7.22 | +1.7 1.3 
34 0 66 +2.34 | 7.37 | 7.22 | +1.8 Riz 
Y Cyg AB k, 0.60 78 00 22 +0.38 | 7.43 | 7.58 | —0.3 
0.60 73 27 00 +0.38 | 7.43 | 7.58 | — 
Ay Cas A Ke 1.05 30 00 70 =) 95) 7.19 | 7.71 0.1 
0.96 23 77 00 —0.96 | 7.19 | 7.71 - 
Ay Cas B k 0.75 56 00 44 —0.65 | 7.25 | 7.68 0.3 
0.75 47 53 00 —0.65 | 7.25 | 7.68 
NGC 2244-15 Ks 0.505 | .987 00 013 +1.23 | 7.88 | 7.56 3.0) 
0.505 | 0.984 0.016 0.000 +1.23 | 7.88 | 7.56 | —« 


which will give the correct central temperature for the energy generation processes. If 
we assume that the carbon cycle is operative in the main-sequence stars, a central tem- 
perature of 20 - 10°°K, together with a central density of 100 gm/cc, gives energy pro- 
duction of about the correct amount for the sun. The central temperatures and densities 
for the other main-sequence stars should be in conformity with this. Since the energy- 
generation process involves the temperature exponentially, it is very sensitive to varia- 
tions in temperature. For the carbon cycle we may roughly represent the factors in- 
volved in the luminosity by 
Low Ap til” , (53) 
where A is a constant. There is a similar relation for the sun. Taking the ratio of the 
two and using Z and M in solar units, we have 
log L — log M + 2.0 — log p, 
17 
where 7 represents a suitable temperature to give the right amount of energy. So, if 
the carbon cycle is operative, we might expect that 


~log T.— 7.30 =e, (54) 


log 1, = 1.30-Fe. (55) 


The logarithms of the ‘‘expected”’ central temperatures, log 7’e, as thus determined, are 
given in Table 2. Strictly speaking, this formula should also include the product of the 
percentage abundance of the elements taking part in the process. However, this would 
result in only slight corrections, primarily in the cases where (1 —X—Y) is almost 
zero. 

It is seen that for some of the stars there is agreement, for appropriate values of X 
and Y, between the temperatures as computed for the x, model and the temperatures ex- 
pected from energy-generation requirements. However, there are cases where the agree- 
ment is poor even for the x, model. On the x, model, with one exception, every comput- 
ed temperature is considerably lower than what is to be expected. The major exception is 
the Trumpler star, where the deviation is the other way. In other words, from the point 
of view of central temperatures, the x, models seem quite unsatisfactory. 
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It may be pointed out, as D. Chandrasekhar has done, that we have possible solutions 
for two stars which lie to the right of the main sequence, Capella and ¢ Herculis A, for cen- 
tral temperatures of slightly more than four million degrees. It is possible that such a 
central temperature characterizes a considerable region to the right of the main sequence 
and consequently may be quite a significant fact. However, it should be remembered 
that in the case of ¢ Herculis A the x, solution which gives this temperature is applicable 
only for extremely small values of (1 — X¥ — Y). 

9. The stellar time scale-——In connection with the subject of energy generation, it is 
well known that along the main sequence the luminosity is proportional approximately 
to the fourth power of the mass. It is obvious that this means that the more massive 
stars, if the energy sources are the same as in the less massive stars, cannot exist in such 
a state as long as the less massive stars. This has, of course, been pointed out many 
times before. However, it is interesting to see just how the time scale varies: along the 
main sequence on certain assumptions. 

We assume that the energy source is the conversion of hydrogen to helium; that stars 
are originally all hydrogen; that their luminosity is constant during the period of time 
they radiate. On these assumptions we find the following relation between luminosity, 
mass, and time scale (7). Expressed in solar units of L and M, we have’ 


T= 11-1004 years. (56) 


Using this formula, we have plotted in Figure 2 lines of constant r. It will be noted 
that for r = 3+ 10° years the line crosses the main sequence at log L ~ 2, which would 
correspond to a bolometric magnitude of approximately zero. If we take the age of the 
Galaxy to be 3 + 10° years, it is possible for all the stars fainter than magnitude zero to 
have existed as at present during this whole time. But the very much brighter stars 
present a problem.’ They may have a different energy source or may have been formed 
more recently than the majority of the stars. If the latter is true, we might expect to 
find some indications of it in a greatly decreased number of stars for luminosities greater 
than zero. Now, for the particular stars plotted we do note a group of stars with + 
somewhat greater than 3 - 10° years and a considerable scattering for shorter values of r. 

However, it is better to study this problem simply from the point of view of the 
luminosity function, examining the way that the luminosity function behaves on either 
side of bolometric magnitude zero. Unfortunately, the luminosity function in terms of 
bolometric magnitudes and corrected for interstellar absorption is not available. Conse- 
quently, the luminosity function used was that given by van Rhijn!° which is based on 
visual magnitudes and is available subdivided into spectral types. Approximate bolo- 
metric corrections were made by spectral class, based on the data given by Kuiper." 
The luminosity function as given by van Rhijn and also the corrected one are shown 
in Figure 3. One notices a very rapid decrease in the number of stars brighter than mag- 
nitude one compared with the fainter magnitudes. This tends to confirm the idea that 
we can, from a count of the number of stars of various bolometric magnitudes, have 
another method of determining the approximate age of the Galaxy. Conversely, assum- 
ing the age of the Galaxy, we may expect a somewhat abrupt change in the luminosity 
function at bolometric magnitude zero. 

10. Conclusions —The stellar model considered here does include certain regions of 
the mass-luminosity diagram which the x. model does not. That is, for a group of stars 





® See, e.g., Chandrasekhar, op. cit., p. 456, for the method of determining the constant. 
® See, e.g., H. N. Russell, Scientific Monthly, September, 1942, p. 233. 
1° Groningen Pub., No. 38, p. 71 


Ap. J., 88, 429, 1938. 











204 LOUIS R. HENRICH 


of about forty times the solar mass it presents a possible model. It should be emphasized 
that stellar models with electron scattering as the only source of opacity provide an im- 
portant limiting case of stellar models, for the mass-luminosity relation on these models 
provides the upper limits to the values which the luminosity can take. It appears, how- 
ever, that the central temperatures for these models are consistently too low. 
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Fic. 3.—The luminosity function as the logarithm of the number of stars per cubic parsec near the 
sun between magnitudes M — 3} and M + }. The full-line curve is the luminosity function for visual 
magnitudes; the dashed curve is the luminosity function approximately corrected to bolometric magni- 
tudes. The time scale is indicated in years. 


Such a model is not satisfactory for most of the Trumpler stars. A solution is possible 
for only one of them (see Table 2, NGC 2244-15). It is possible that the use of envelopes 
similar to those considered in this paper but with isothermal cores might provide models 
satisfactory for them. 


I wish to record my thanks to Dr. S. Chandrasekhar for the opportunity to discuss 
many points in connection with this paper. 
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ON THE NEGATIVE HYDROGEN ION AND ITS 
ABSORPTION COEFFICIENT 
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ABSTRACT 


The continuous absorption coefficient of the negative hydrogen ion is discussed from the point of view 
of the sum rules, and it is shown that the absorption coefficient to the red of 5000 A is predominantly 
governed by the wave-function of the ground state of H~ at distances of the order of five times the Bohr 
radius from the center. It appears that the wave-functions for H~ now in use are not sufficiently accurate 
at these distances to provide reliable values for the absorption coefficient beyond 5000 A. Further, some 
objective criteria are stated which should enable the reliability of a given absorption curve to be tested. 


1. It isnow generally recognized that the negative hydrogen ion provides the principal 
source of opacity in stellar atmospheres. Consequently, some effort has been spent to 
evaluate its continuous absorption coefficient. The most recent of such attempts is that 
of R. E. Williamson,' who derived for this purpose a “‘sixth-order” wave-function to de- 
scribe the ground state of H~ similar in form to Hylleraas’ wave-function for the ground 
state of helium. However, when Williamson derived the theoretical color-effective tem- 
perature relations on the basis of his absorption coefficient, he found that significant dis- 
cordances between the predictions of the theory and the results of observations still re- 
mained.” These remaining discordances all appear to result from the single fact that, 
contrary to what can be inferred from the observations, the theoretical continuous ab- 
sorption coefficient decreases in the spectral region from 5000 to 7000 A. Moreover, it 
is clear that, if we could in some way shift the maximum of the absorption coefficient 
from its present position at 5000 A to somewhere in the region of 7000 A, we should 
probably be able to remove all the principal discrepancies which now exist between the- 
ory and observation. In view of this, we have for some time past been wondering if cer- 
tain objective criteria could not be established which would enable one to specify the 
extent to which a computed continuous absorption coefficient of H~ can be relied upon. 
We have now found that such criteria can be given in terms of the so-called “sum 
rules.”’* And, moreover, an examination of Williamson’s absorption coefficient on the 
basis of the criteria established discloses certain other features which throw doubt on 
his values for the absorption coefficient. 

2. First consider his formula for the matrix element u, (W, eq. [50]) which enters in 
the expression for the atomic absorption coefficient k, (W, eq. [11]). It will be noticed 
that in this formula there occurs a term, namely, (493k cos 5£; — sin 4&1) which has 
(y + e+ ¢) asa factor. On evaluating the matrix element yu, for the wave lengths of 
A = 5000, 6000, and 10,000 A, it was found that the term involving (y + € + ¢) alone 
contributed as much as 84, 87, and 93 per cent, respectively, toward its entire value. This 
fact has an important interpretation. It is that the absorption coefficient of H~ at these 
wave lengths depends dominantly on the value of the wave-function of the ground state 
of H~ at relatively large distances from the center of the ion. This becomes evident when 
it isnoted that (y + € + ¢) occurs precisely as the coefficient of the term 7* in the charge 


1A p. J., 96, 438, 1943. This paper will be referred to as “W.” 
2 Ap. J., 97, 51, 1943; see particularly Fig. 6 in this paper. 


> Cf. H. Bethe, Handb. d. Phys., XXIV, Part I, 434-439, Berlin, 1933. 
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distribution of H~, which for the wave-function used by Williamson has the form 
(Cf. W, Appen., eq. [3’]) 


dZ a 4. 
—-“~= Majriewr+ SY brie. (1) 
dr i=1 j=1 , 


This raises at once the question as to how reliable Williamson’s wave-function for the 
ground state of H~ is at distances of the order of four or five times the Bohr radius from 
the center of the ion.* It appears that we can settle this question in the following man- 
ner: 

For any quantum mechanical system we have 


bho 
— 


x . x < es 
>” | GIR] 7) |? = G] [RI? 4) ( 
d 
for any initial state 7 and where the summation over the j’s is extended over all the final 
states. Further, 


R= > 7; (3) 


for an n-electron system. In the case of H~ we have a two-electron system with most 
probably only a single discrete state.® Consequently, the summation on the left-hand 
side reduces in this case to an integral over the continuous absorption coefficient (due al- 
lowance being made for the passage from a discrete to a continuous spectrum). In this 
manner we find that 

(1| 72+ 73/1) = 3Rya? => [ dn (4) 

™ Te*S y, Vv 

where a stands for the radius of the first Bohr orbit for the hydrogen atom, Ry for the 
Rydberg frequency, vo denotes the frequency of the absorption limit, and the rest of the 
symbols have their usual meanings. (In eq. [4] we have used “1” to denote the ground 
state of H~.) The matrix element which occurs on the left-hand side of equation (4) can 
properly be regarded as defining the mean-square radius of the negative hydrogen ion; 
and we shall, accordingly, denote it by 7’. After some transformations we find that equa- 
tion (4) can be expressed in the form 


. 2 , fi a, : 
r? = 3.7164? / ae (5) 
/ 1 of 


where a, denotes the atomic absorption coefficient in units of 10~'? cm? and x the wave 
length expressed in units of 1000 A. 

The mean-square radius r? can be readily evaluated from the formula for the charge 
distribution given by Williamson (W, Appen., eq. [4’]). On evaluating this quantity it 
was found that the term in r* (cf. eq. [1]) contributed over 50 per cent to the total value. 
More particularly, while it was found that 


r2=19.21a?, (6) 


4 That we are concerned with the value of the wave-function at these distances is evident from eq. (6 
below. 

5 It is extremely unlikely that 7~ has an excited state which is discrete. For discussions on these and 
related matters we are greatly indebted to Dr. E. Teller. 
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the term in 7* alone contributed as much as 11.02 a®. This again confirms our earlier in- 
dications that, while Williamson’s wave-function for H~ is probably sufficiently accurate 
to determine the energy of the ground state, it does not provide the necessary accuracy 
at distances of the order of four to five times the Bohr radius and, consequently, is inade- 
quate to determine the absorption coefficient, particularly beyond 5000 A, to an accuracy 
demanded by astrophysical theory. 

We may also note in this connection that a direct numerical evaluation of the right- 
hand side of equation (5), using Williamson’s absorption coefficient, gave 17.1 a?. The 
closeness of the agreement of this value with 19.2 a? should not, however, be allowed to 
mislead one’s judgment, for the absorption coefficient beyond 5000 A contributes less 
than 50 per cent to the integral and, moreover, is divided in these regions by factors ex- 
ceeding 5. 

3. There is another sum rule—namely, the more familiar f-rule—which can also be 
used to test the reliability of a computed absorption curve for H~. Assuming again that 
H- has no discrete excited states, the f-rule reduces to 


mc. ££” 
jf body =2, (7) 
wers,y, 
or, somewhat differently, to 
17.2 ry 
1.1303 f ~dx=2, (8) 
0 x” 


where a, and x have the same meanings as in equation (5). A numerical integration over 
Williamson’s absorption coefficient gave for the left-hand side of equation (8) the value 
of 1.70; and this has to be compared to the value to be expected theoretically, namely, 2. 
This discrepancy to the extent of 15 per cent is again somewhat serious, since the domi- 
nant contribution to the integral on the left-hand side of equation (8) comes from the 
spectral regions to the violet of 5000 A, while over 50 per cent comes from regions with 
wave lengths less than 3000 A. All this amounts to simply this: Williamson’s absorp- 
tion coefficient cannot be relied upon in the spectral regions to the red of 4500 A; and, 
more particularly, the dependence on the wave length in these regions can be seriously 
in error. 

4. While our discussion in the earlier paragraphs has largely been of a destructive 
nature, we may be allowed to draw attention to the objective criteria which have been 
disclosed, first, for establishing whether a given wave-function for the ground state of 
H~ has the necessary accuracy to yield reliable absorption coefficients in the visual and 
the red regions of the spectrum and, second, for estimating the over-all accuracy of the 
computed absorption coefficients. Regarding the first, it may be stated that the absorp- 
tion coefficient due to H~ in the region beyond (i.e., to the red of) 5000 A depends de- 
cisively on the value of the wave-function of the ground state of H~ at distances of the 
order of five times the Bohr radius from the center. The reliability of the wave-function 
at these distances can be measured by the contribution to the value of r? by the term in- 
volving the highest power of r in the charge distribution and verifying that the term in 
the matrix element 4, which occurs with the same coefficient as the highest power of r 
in the charge distribution does not make a significant contribution to its value in the 
spectral region of astrophysical interest. Once these conditions have been met, the over- 
all accuracy of the computed absorption coefficient can be readily estimated from the 
extent to which the relations (5) and (8) are satisfied. 

5. So far we have concerned ourselves only with the wave-function representing the 
ground state of the negative hydrogen ion. However, in computing the matrix element 
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um, a further approximation is generally introduced, namely, that the state after the ab- 


sorption of the light quantum is described by a wave-function of the form® 


Fee ee, (9) 
where p denotes the momentum of the free electron. In other words, we ignore the dis- 
tortion of the plane wave-functions caused by the presence of the hydrogen atom. It 
seems to us that this approximation cannot introduce any serious error in the computed 
absorption coefficients. For, in addition to the arguments advanced by Massey and 
Bates in favor of this approximation, the following circumstance appears to us as relevant 
to the problem: As we have seen, in the spectral region which is of particular astrophysi- 
cal interest, the controlling factor, as far as the initial state is concerned, is the value of 
the wave-function of H~ at distances of the order of five times the Bohr radius from the 
center of the ion. But it is clear that at such distances from the center of a hydrogen 
atom in the ground state the distortion of the plane wave-functions representing the 
free electrons cannot be very significant. And, in any event, the extent to which the rela- 
tions (5) and (8) are satisfied will enable us to estimate the over-all accuracy of the com- 
puted absorption coefficient. 


6 Cf. Massey and Bates, A p. J., 91, 202, 1940; also Williamson, loc. cit. 
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RADIAL VELOCITIES OF PROPER-MOTION STARS. II* 


DANIEL M. PopPpER 


McDonald and Yerkes Observatories 
Received June 1, 1943 


ABSTRACT 
Radial velocities have been determined for 29 dwarfs, 19 subdwarfs, and 1 white dwarf. New spectral 
types are given, except for the M-type stars. Six of the dwarfs have the H and K lines in emission. The 
F6 subdwarf, —29°2277, has a radial velocity in excess of +500 km/sec. 


The list of radial velocities presented in this paper is a continuation of one published 
earlier under the same title.! The dispersion used is 76 A/mm at Hy. The standard ex- 
posure time is 30 minutes for a star of photographic magnitude 11.0, the emulsion being 
Agfa Superplenachrome Press film heated for 3 days at 50° C. The system of velocities 
is described in the earlier paper, as is the determination of spectral types. The types for 
the M dwarfs have been supplied by Dr. Kuiper. The stars observed fall mostly into 
three groups: subdwarfs, main-sequence stars closer than 10 parsecs,? and HR stars 
with annual proper motions greater than 0725. Lists of stars of these groups have been 
furnished the writer by Kuiper. 

The arrangement of the material in Table 1 is the same as in the earlier paper. The 
visual magnitudes have been supplied by Kuiper except the magnitudes for the HR stars 
and the magnitudes in italics, which are photovisual values by Seyfert.* Those stars for 
which only one spectrogram has been obtained or for which the probable error of the 
velocity is larger than normal for a given quality of spectrograms would be reobserved 
before publication if circumstances permitted. When three or more spectrograms have 
been used to obtain the velocity of a star, the probable error (eighth column) has been 
found in the usual way. When the velocity depends on two spectrograms, the “probable 
error’’ listed is one-third of the difference between the measured velocities, i.e., the two 
spectrograms are treated as if of equal weight. This procedure leads to a maximum value 
of the probable error as far as weighting is concerned and has been adopted by the writer 
in previous radial-velocity lists." 4 The ‘‘quality” of a spectrogram depends on the num- 
ber and quality of the lines measured and inversely on the probable error of measure- 
ment. The quality of a velocity (ninth column) is given by the sum of the qualities of 
the individual spectrograms. Highest quality is indicated by A, lowest by F. 

Six of the late-type dwarfs have the H and K lines in emission as shown in the accom- 
panying tabulation. The hydrogen lines also appear in emission in the spectra of 
+36°1638 A and +13°2618. 


Star Type Star Type 
— 1°565 A nem <a + 56°1458 ..K6 
—21°1377 MO + 0°2989 .K6 
+ 36°1638 A : M4 +13°2618... wees «Ae 


* Contributions from the McDonald Observatory, University of Texas, No. 74. This paper was com- 
pleted by the author while he was on leave of absence at the University of California for war research. 


1 Ap. J., 95, 307, 1942. 

2G. P. Kuiper, Ap. J., 95, 201, 1942. 
3Ap.J., 91, 117, 1940. 

‘Seyfert and Popper, Ap. J., 93, 461, 1941. 
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TABLE 1 
RADIAL VELOCITIES AND SPECTRA OF PROPER-MOTION STARS 











Star | a (1900) | 6 (1900) My Type | No. | Vel. | p.e. Quality! Notes 
Ross 34 | 3223 | +437°03’ | 10.9 |sd:K5 | 3 | i tee 1 
—2°S65 A.. | 352.4 | —127 8.6 | dK4+| 2 | + 5 1 | A 
+18°683 4 37.0 | +18 47 9.8 | dM3 3 | + 21 a 
+527°911.......| 455.0 | +53 03 9.8 | dM1 71471 81 
HR 1747 514.6 | —18 14 5.9 | dGO 2| +48 cis 
—29°2277.... 5 25.0 —29 58 11.5 | sdF6 2 | +524 71D 
Ross 49 539.4 | +913 11.9 | sdF6 3] —- 8 si Dp 
Ross 79... 605.4 | +10 21 10.1 | dM3+| 2 | + 52 4/1C 
—21°1377 . 606.4 | —2149 | 8.2 | dMO+] 2 | + 6 2] A 
HR 2208 607.6 | +1040 | 65 | dG4 Zz); ->3)-6@);€ 
Wolf 294 648.4 | +3324 | 9.8 | dM3 | 2} +21 | 114] C 
HR 2868 724.8 | —14 42 39 | dF7 | 3 | — 1 a ae. 
+36°1638 A 7 25.4 +36 26 | 10.8 | dM3+/] 2 | + 1 4/A 
HR 3421 8 33.7 —39 48 6.4 | dGi | 3 | 0 ae 
Hertz. 11.. $9.7 +36 37 11.5 | sdF8 | 2] — 5 1 |B 
HR 3538 3494 | —504 | 60 | dG3 1 oe 6 | B 
—5°2678s. .. 8 54.1 — 6 00 11.5 | sdF7 2 | +126 6 | D 
Fu. 24.. 858.9 | +3913 | 11.8 | sdF5 i. 2: 
—12°2918 9 26.5 —13 03 10.2 | dM2 2i+ § ‘oe 2 
+1°2341p 9 35.6 + 129 10.6 | sdA4 2 - 4 E 3 
HR 3916 9 48.5 —26 52 63 | 461 2 + 23 6 B 
HR 4005 10 07.9 —18 39 6.4 dF8 2 + 34 2 D 
+57°1266 10: 17.1 +57 02 8.1 dKO 3 + 13 2 A 4 
+56°1458. 10 24.1 +56 30 90 dK6 2 4+ 12 7 A 4 
Ross 106 10 44.2 +56 59 12.6 | sdGO 2 —128 6 E 
Ross 104 10 54.8 +23 22 10.3 | dM3 2 + 29 10 E 
Ross 627. 1119.1 +21 55 14.1 wA 2 + §2 11 I 5 
L 1405-28 11 36.9 +27 17 10.5 | dM3 4 | + 10 2 B 
— 26°8883 11 53.0 —27 08 7 ( dK2 2 + 43 2 D 
—39°7674 12 27.1 —39 33 10.5 | sdF6 2 ~ 40 11 E 
Wolf 1447 12 29 4 +15 50 11.7 | sdA6 2 ne 3 E 
+0°2989 12 45.6 a AS 85 dK6 2 mt 5 EK 
Wolf 449 12 50.7 +13 06 11.5 sdF4 2 + 13 1 D 
+13°2618 12 55.9 +12 54 99  dMI1 2 — 6 B 
Ross 484 13 33.9 — 2 34 EL30 sdK4 2 +136 3 A 
AC 64°4188 13 14 +64 42 12.8 | sdA8 1 +252 F 6 
— 38°8457. 13 16.1 —38 47 90 | sdF4 1 +143 I 
AC 74°4690 13 20 +74 43 11.6 | sdF2 3 ~~ 2 7 I 
—21°3781. 13 44.5 —21 36 8 3 dK4 1] — 38 ( 
HR 5224 13 48.0 —34 49 6.3 dKO 2 + 12 2 A 
Ross 838 13 56.8 + 9 25 11 6 sdG3 1 + 16 D 
HR 5457 14 32.6 —46 09 6.2 dF8 3 — 10 8) D 
HR 5566 14 51.3 —48 27 6.5 dG7 2 + 44 3 B 
—21°4009 14 54.2 -21 36 85 | sdF5 4 +178 1 A 7 
HR 5706 15 15.6 -~ 963 6.5 dKO 2 — 41 1 C 
Ross 530 16 15.6 +22 53 11.4 | sdG2 2 +167 ) = 
Gron. 20 16:21.1 +48 36 10.3 dM3 2 28 | B 
Fu. 45 16 25.2 +44 55 11.5 | sdGl 2 301 3 D 
HR 6398 17 08.8 38 28 61 dF9 3 51 4 A 


NOTES TO TABLE 1 

1. Ross 34. The proper motion, magnitude, and spectral type compiled by Kuiper left the under 
luminous nature of this star in doubt. The large radial velocity makes it almost certain, however, that 
Ross 34 is a subdwarf. 

2. —12°2918. Kuiper (Ap. J., 97, 275, 1943) has found this star to be a close double. 

3. +1°2341p. The F5 star for which a velocity was published in the earlier paper is +1°2341f. It 
is visually slightly the brighter of the two stars and is not a proper-motion star. 

4, +57°1266. In Pub. A.S.P., 54, 263, 1943, Vyssotsky and Reuyl point out that +57°1266 has a 
common proper motion with 36 UMa and its close companion, +56°1458, though the separation is 
large. The published velocity of 36 UMa is +10 km/sec. 

5. Ross 627. Dispersion 150 A/mm. This star has a considerably smaller radius than have other 
white dwarfs with known displacements of the spectrum lines. The displacement in the case of Ross 627 
is not very well determined, but it cannot be much in excess of +100km/sec. The peculiar radial velocity 
must, of course, remain unknown. 

6. AC 64°4188. The one spectrogram is underexposed. The velocity depends on only a good Hy and 
a poor \4226. Measures of the two lines are in good agreement. Spectral type by Kuiper. 

7. —21°4009. See text. 
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The subdwarf — 29°2277 is the first galactic object for which a radial velocity greater 
than 500 km/sec has been published. 

Enough observations have now been obtained of the subdwarf — 21°4009 to show that 
the velocity variation predicted by Alden on the basis of parallax measures,® if present, 
probably does not exceed 5 km/sec. The velocity published in my earlier paper was de- 
rived from spectrograms exposed near one of the nodal passages (1941) as given by 
Alden, while that published here is derived from spectrograms exposed near the other 
node (1943). The two values are +176+1 and +178+1. A single spectrogram exposed 
about halfway between (1942) gives +174. If Alden’s period and date of nodal passage 
are considerably less certain than he indicates, it is possible that the observations have 
been made at such times as to conceal a velocity variation. It may be of interest to list 
the measures of velocity for this star in detail as an example of the performance of the 
Cassegrain spectrograph. Of the 8 spectrograms obtained, 4 have a dispersion of 
26 A/mm at Hy. The spectrograms of lower dispersion (76 A/mm) were exposed on film 
in a Schmidt camera. Those of higher dispersion are on glass plates exposed in the con- 
ventional type of camera. The wave-length systems of the stellar lines for the two dis- 
persions have been obtained in entirely different manners. That for the lower dispersion 
depends on the measures of positions of lines in the spectrograms of a number of stars of 
known velocity! and hence must be nearly free of systematic errors. The wave lengths for 
the higher dispersion are those listed by Adams and Harper.® The wave-length systems 
in both cases are dependent to a large extent on Mount Wilson measures. The 19-km/sec 
difference between the McDonald velocity and the one published by Mount Wilson for 
—21°4009 is probably accidental. Dr. Sanford writes that the Mount Wilson spectro- 
grams were exposed in 1918 with a dispersion of 75 A/mm at Hy and are not of high 
quality on their present standards. The McDonald velocities of —21°4009 are listed in 
detail in the accompanying tabulation. The weighted mean velocity is +176.6+0.8 
km/sec. 


26 A/Mm 76 A/Mm 
' " . No of ea : . , No of ha 
Velocity p.« here Year Velocity p.e Vines | Year 
+177 t | 14 1941 +175 +4 7 1941 
174 2 13 1942 169 4 6 1941 
177 1 11 1943 183 5 6 1943 
+182 +2 11 1943 +172 +2 1943 


SAS, 47,9, 1938. 
Trans. 1:A:0., 5, 193, 1930. 








THE SPECTRUM OF AX MONOCEROTIS (HD 45910)* 


Otto STRUVE 
Yerkes and McDonald Observatories 
Received June 10, 1943 


ABSTRACT 

Sixty spectrograms of this star obtained at the McDonald Observatory in 1940-1942 show rapid 
changes in the velocity and in the intensity and structure of the lines. Of special interest is the suppres- 
sion of a violet absorption component of He by Cat, which must have a physical origin. The doubling of 
the H absorption lines was accompanied by a similar doubling of the sharp Ca m1 and Ni lines and of 
the rotationally broadened He 1 lines. This indicates that the sources of the expanding motions are lo- 
cated at a low level, perhaps in the photosphere, and that the surges of outflowing gas embrace all layers 
of the shell from the one where He 1 is produced to the one where H originates. At one stage of the de- 
velopment of the star the sharp a Cygni lines were represented (in addition to H) only by Catt and a 
set of strong ultraviolet Vi 1 lines. This prominence of Vi is unusual and is not duplicated by a simi- 
lar stage within the sequences of supergiants or main-sequence stars. The Ni 1 stage of AX Mon may, 
however, be related to certain stages in the development of the shells of Pleione and 48 Librae. 


1. Among the peculiar bright-line stars discovered at the Mount Wilson Observatory,! 
AX Monocerotis, or HD 45910, is particularly interesting because it combines in its 
spectrum features characteristic of (a) an expanding shell giving rise to P Cygni type 
lines of H and of other elements, (6) a nonexpanding absorbing layer, producing a vari- 
able spectrum of sharp absorption lines of ionized metals similar to that of a Cygni, and 
(c) a main-sequence B-type reversing layer having rapid axial rotation, which accounts 
for the dish-shaped lines of He 1 and for the broad, underlying Stark-effect wings of the 
H lines.? Spectra (a) and (0) are variable in intensity, radial velocity, and structure of 
the lines. Spectrum (c) has been characterized as ‘“‘a basic helium spectrum of class about 
B3 always present, and, so far as can be estimated, constant in intensity and char- 
acter.’’ 

The simultaneous occurrence in this star and in a few other similar objects of these 
three distinct spectra gives rise to an interesting theoretical problem: Is it possible to 
explain the existence of an expanding layer of gas above a stationary layer, which in 
turn lies above the normal reversing layer? Or are we concerned with a phenomenon that 
may resemble prominence action—the P Cygni type lines originating only over disturbed 
areas which are rich in ultraviolet radiation, while the stationary a Cygni lines come from 
those parts of the shell which lie over undisturbed areas of the photosphere? I have dealt 
with certain aspects of this problem elsewhere.” In order to answer the question it will 
be necessary to secure additional observational material for several stars, and this paper 
on AX Monocerotis represents a contribution toward this end. 

The star was first placed upon the observing program of the McDonald Observatory 
in 1940; a series of sixty spectrograms was secured between April 23, 1940, and Novem- 
ber 27, 1942. Of these, fifty-seven spectrograms were taken between August 4, 1941, and 
February 1, 1942. The instrument used was the Cassegrain spectrograph attached to the 
82-inch reflector. The great majority of the plates were obtained with two quartz prisms 
and a 500-mm camera of UV glass, giving a dispersion of 40 A/mm at A 3933. A few 
spectrograms were taken with two glass prisms and the same camera, giving a dispersion 


* Contributions from the McDonald Observatory, University of Texas, No. 75. 
1 Merrill and Humason, Pub. A.S.P., 33, 112, 1921. 
2 Struve, Ap. J., 95, 150, 1942. 
3J.S. Plaskett, Pub. Dom. Ap. Obs. Victoria, 4, No. 1, 25, 1927. 
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of 20 A/mm at \ 3933. The observations at the telescope were made by Struve (29), 
Bunker (26), Popper (4), and Swings (1). Mr. Andrew Bunker undertook the discussion 
of the material and published a preliminary note on some of the early observations in 
November, 1941.4 After his enlistment in the United States Army Air Corps I under- 
took the detailed measurement of the plates and their discussion. 

2. In the Henry Draper Catalogue AX Monocerotis is listed as No. 45910, a B3 star.5 
Merrill® gives the type as Beq and adds the comment: ‘‘The structure of the hydrogen 
lines is very remarkable and is subject to variation as are also other features in the spec- 
trum.” The star owes its designation as a variable to the discovery by Guthnick and 
Prager of small, rapid changes in brightness.’ With a photoelectric photometer they 
found a range of about 0.2 mag., with changes of the order of 0.1 mag. in two days. Miss 
Hoffleit’s photographic observations® seemed to confirm variation between magnitudes 
6.7 and 6.9. + 

The spectrum was described in considerable detail by Merrill’ and by J. S. Plaskett.'° 
The former discussed twenty-four plates taken at Mount Wilson between 1920 and 1923. 
The latter gave measurements of fifty-three spectrograms obtained at Victoria from 1922 
to 1926. Merrill has especially stressed the rapid changes in the structure of the P Cygni 
lines of H: there were appreciable changes in three days, the violet absorption compo- 
nents being sometimes single and sometimes double. Both Merrill and Plaskett ob- 
served marked variations in the intensities of the a Cygni lines and used the ratio Mg 
4481 /He 4472 as an index of the relative strength of the a Cygni spectrum. The radial 
velocities of nearly all the lines measured by Plaskett are variable; but only for the H 
lines was he able to determine a period of 235 days and an amplitude of 2K = 120 + 30 
km/sec. A few of Plaskett’s plates showed the absorption H lines double, and he inter- 
preted these duplicities as the result of an extra emission line within the broadened ab- 
sorption cores. The velocities of the H absorption lines varied between about — 100 
km/sec and —220 km/sec. The velocities of the a Cygni lines, which gave no indication 
of periodicity, varied between +50 km/sec and —40 km/sec, but Merrill also obtained 
a velocity of —97 km/sec in March, 1922. The velocities of the broad He lines varied ‘‘in 
an irregular way, not correlated apparently with the changes in any other group.”’ The 
individual lines often gave velocities differing by more than 100 km/sec on the same 
plate. The average velocity of He 1 varied between —120 km/sec and +10 km/sec. 

Plaskett has noted that the a Cygni absorption lines are strong only during short 
intervals. Usually, they are absent or very weak. Often Fe 11 is seen as weak, rather 
broad emission lines. 

The following summary is essentially due to Plaskett. The normal spectrum is of 
type B3n, with P Cygni lines of H and with variable displacements of the emission and 
absorption lines. Occasionally the H absorption lines show central emissions (or dou- 
bling). Usually, but not always, there is metallic emission, sometimes increasing in 
intensity until it shows violet absorption components. These may develop into a com- 
plete set of a Cygni absorption lines, without emission, except for \ 4352 and A 4233, 
which nearly always retain some emission. Plaskett thought that “the only group we 
can surely associate with the actual velocity of the stellar atmosphere is that of the a 
Cygni absorption lines, which appear to be definite, have interagreement, are not com- 
plicated generally by emission and probably actually represent the velocity of this par- 
ticular reversing layer .... , but unfortunately it is such a transient phenomenon that 
nothing can be said as to its periodic character.” 


“Pub. AS.P., 53; 334, 1941. 7A.N., 239, 15, 1930. 
Sq = 5625™2; § = +5°57’ (1900); mag. 6.7; Sp. B3. 8 Harvard Bull., No. 892, 1933. 
6 4p. J., 78, 94, 1933 (MWC 145). 9 Pub. A.S.P., 35, 303, 1923. 


10 Pub. A.S.P., 35, 145, 1923; Pub. Dom. Ap. Obs. Victoria, 4, No. 1, 1927. 
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3. We proceed with a description of the spectrum from August, 1941, to February, 
1942. The general appearance of the spectrum agrees very closely with the descriptions 
by Merrill and by Plaskett. The emission components of the # lines are not very strong, 
except at Ha. At Hy it is usually weak and at H6 very weak. No emission is visible be- 
yond He. Relative to the bright H lines the emission of Fe I1 is frequently quite strong, 
especially at AX 4924, 5018, 5169, and 5235. These lines often show pronounced P Cygni 
character. The Fe 0 emission lines are broad and ill-defined, probably more so than the 
emission lines of H. The H lines are variable. When the P Cygni structures are well de- 
veloped it is impossible to see broad wings caused by Stark effect, but at times when the 
P Cygni features are faint the wings are readily perceptible. The He I lines are usually 
quite broad and suggest rotation of the order of Vio. = 200 km/sec. But these lines are 
variable and are not always equally broad. Mg u 4481 is broad and diffuse, though less 
broad than He 1 4472. It is also variable in intensity and breadth. The Ca 11 line K is 
complex and variable in intensity and structure. At times the line was very weak, though 
always present, suggesting that the interstellar line, if present, must be weak. Hence the 
distance of the star cannot be very great—probably not over 500 parsecs. There is some 
reason to think that on certain dates in the latter half of November and the first half of 
December, 1941, when the // lines had only strong absorption lines displaced by about 
150 km/sec toward the violet and the Ni 1 lines behaved similarly, there remained an 
interstellar calcium component of intensity 1 or 2, whose radial velocity was of the order 
of +17 km/sec—a value which is close to the reflex of the solar motion. The latter is 
+16 km/sec for the position of AX Monocerotis. It is reasonable to suppose, therefore, 
that the distance of the star is of the order of 200 or 300 parsecs. 

The variations in the spectrum during the period of our observations were exceedingly 
striking and rapid. We distinguish the following principal stages: 

1. August, 1941.—Emission of Fem. Strong P Cygni spectrum of H and of strong Fe 1 lines. 

2. September, October, 1941.—Development of strong a Cygni spectrum in absorption. 

3. November, 1941.—Very pronounced doubling of H absorption lines with similar doubling 
of Nii and Ca u—a sharp-line spectrum perhaps related to the preceding a Cygni spectrum 
but not containing absorption lines of Fe u, 77 u, S70, etc. 

4. December, 1941.—Rapid oscillations in H lines, which are sometimes double and some- 
times single. Gradual decline in the intensity of the HW shell lines and appearance of ill-defined, 
broad series of H, characteristic of Stark effect. 

5. January, 1942.—Gradual strengthening of P Cygni absorption lines of H, which are 
usually single and resemble those of the preceding August. Accompanying strengthening of 
broad Fe m emissions. Appreciable strengthening of broad lines of He1, with appearance of 
broad, dish-shaped lines of V 1 and O U1. 


The development of these five stages may be traced on the enlargements in Plates 
XIV-XIX. In some respects they combine the changes described by Plaskett and by 
Merrill, but in others they differ materially from those of 1922-1926. It is abundantly 
clear that the spectrum of AX Monocerotis is one of the most changeable phenomena thus 
far encountered in stellar spectroscopy. It combines spectral features and types of varia- 
tion which have been observed in several different stars: the recurrence of the a Cygni 
spectrum resembles analogous phenomena observed in such stars as 48 Librae, Pleione, 
e Capricorni, etc. The doubling of the lines is reminiscent of 17 Leporis and, to some ex- 
tent, of P Cygni, and the structure of the Ca 11 lines resembles that of HD 190073. Final- 
ly, the variations in the emission lines, though by no means spectacular, remind one of 
the behavior of other peculiar bright-line objects investigated principally by Merrill and 
by Swings and Struve. The fact that in AX Monocerotis we observe these phenomena in 
one star tends to show that the peculiar stars in which they have been observed separate- 
ly are physically related objects. 

It will be convenient to give next a chronological description of the spectra obtained 
in 1941 and 1942. 
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H absorption lines single and strong. Emission seen to H6. Fe 1 emission 
fairly strong and AA 4924, 5018, 5169, and 5235 show indications of P Cygni 
structure. Ca 1m K weak and single. 

Same. 

The emission lines of Fe 11 are somewhat weaker, and the P Cygni absorption 
lines at AA 4924, etc. are stronger. No change in H, but Ca 1 K is somewhat 
stronger in absorption. 

The green emission lines of /e 11 have almost disappeared, but the region at 
A 4500-4600 still has a mottled appearance from the many weak Fe 11 emis- 
sion lines in that region. Ca 11 K is much stronger. The emission at H is weak- 
er and can be seen only as far as Hy. The H absorption cores are strong, but 
appreciably broadened, with a tendency to shade toward the violet. 

The plate is of higher dispersion and shows very interesting emission lines of 
Fe 11 and perhaps of other ionized metals. In the case of Fe 11 4233, 4352, and 
4549, these lines consist of a narrow emission on the violet side of a very weak, 
narrow absorption line in the normal position. In the case of Fe 11 4233 there 
is a weaker emission line on the red side of the narrow absorption. Fe 11 4352 
is abnormally weak. The green /e 11 lines show weak narrow absorptions, but 
no emission. The lines Hy and H8 also show double emission lines, but the 
red components are much the stronger. The violet emissions were not visible 
on August 12. 

No change. The Balmer absorption cores are strong and narrow. They ex- 
tend to H 27. Cau K is strong and single. 

The emission lines of Fe 11 have disappeared. Sharp, narrow, and rather weak 
absorption lines of Fe 11 4233 and 4352 are clearly visible, and several other 
Fe 11 absorption lines are probably present. Ca 11 K is very strong. The Si 11 
lines 4128 and 4131 are present, and Mg 11 4481 is strengthened, though still 
diffuse. H emission is visible to Hy, but only on the red sides of the strong 
absorption cores. 

The red emission components are weak and narrow, especially at HB. The 
metallic lines are unchanged, but S7 II is present at \ 4128 and \ 4131 and 
AA 3854, 3856, and 3863. The ultraviolet lines look very narrow, while \ 4128 
and \ 4131 are somewhat diffuse. Ca 1 K is very strong and sharp. The H 
absorption cores are strong but somewhat broader. 

The a Cygni absorption spectrum is well developed and consists of very sharp 
lines of Feu, Tin, Cru, Vu, Niu, Mgt, Cau, Siu, and probably Fe 1 and 
Alu. The absorption cores Hy and //6 are double, with the red component 
the stronger. At He the violet component is obscured by the stronger Ca 1 H; 
and, beginning at 17¢, the violet absorption components are not visible. The 
Balmer jump is conspicuous, but the plate shows the usual a Cygni lines on 
the violet side of \ 3647. Mg 11 is strong but very diffuse. He 1 is, as usual, 
even more diffuse than Mg 1 4481. Of particular interest is the fact that Si 1 
3854, 3856, and 3863 are very sharp, while Sz 11 4128 and 4131 are somewhat 
diffuse, though less so than Mg 11 4481. In other words, AX 3854, 3856, and 
3863 behave as though the excited levels sp? *D were metastable, which they 
are not because of the lines \ 2072 and \ 2073, which combine them with the 
ground level 3*P°. It is, of course, possible that these transitions are sufficient- 
ly weaker than the transitions corresponding to \ 1261 and \ 1265, which com- 
bine the ground level 3?P° with the lower level of the lines \ 4128 and \ 4131, 
namely, 37D. A somewhat similar case is that of the Mg 1 line \ 3832, which 
is present in this shell (and in all other shells investigated thus far) with its 
normal intensity, in spite of the fact that its lower level is not strictly meta- 
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stable." But the five Si 1 lines have usually behaved alike in other shells. 
Moreover, the sharpness of the Siz m lines in AX Monocerotis contrasts with 
the diffuseness of Mg 11 4481. The H emission lines are weak and are not 
clearly seen even at Hy. At H®£ the emission is all on the red side of the ab- 
sorption core. Ca U K is very strong and single. 

The a Cygni spectrum is even stronger, and the Balmer jump is more con- 
spicuous. The H absorption cores are very strong, and the doubling of Hy 
and H6 seen on September 15 now looks like a slight shading toward the vio- 
let, which, however, is conspicuous also at H¢ and can be traced to several 
higher Balmer lines. The H emission is very weak and barely suspected at 
Hy. 

The a Cygni spectrum is very strong, but the metallic lines look somewhat less 
sharp than previously. The H absorption cores are again widely double. Al- 
though the violet component is considerably weaker than the red, as on Sep- 
tember 15, it can now be traced as far as H 14. The He 1 lines show for the 
first time an unsymmetrical deepening in the 2*P — n*D lines, showing that 
these lines originate in part in an expanding mass of gas. Measurements of 
radial velocity prove that the phenomenon must have been present in Sep- 
tember and even August, but on the earlier spectrograms there was no un- 
symmetrical deepening discernible to the eye. A diffuse V 11 3995 line is pres- 
ent, originating from the rotating reversing layer. Cat1 K is very strong, 
sharp, and single. The H emission is very weak and is seen only as far as 78. 
As on previous dates, He does not look similar to Hé and H¢: the weaker vio- 
let component of He is covered by a sharper and stronger Ca 11 H line, whose 
intensity looks normal as compared to Cal K. There is a weak and some- 
what diffuse line of He 1 3965, whose lower level is metastable. We conclude 
that there is no marked strengthening of \ 3965 through dilution of radiation; 
and the level at which the unsymmetrical deepening of the He 1 (2°P — n*D) 
lines takes place cannot be far removed from the photosphere. The presence 
of sharp ultraviolet Si 1m likewise suggests relatively little dilution, but the 
Het lines do not give the appearance of sharp components superposed over 
the rotationally broadened lines of the reversing layer. It is plausible that the 
expanding He atoms are located at a deeper level than the Si 11 atoms. The 
relative weakness of Mg 11 during the a Cygni stage, which became only slight- 
ly stronger than in August and remained diffuse, suggests that for Mg m1, at 
least, the dilution was appreciable. The same applies to Si 11 4128 and 4131. 
On October 13 the ratio Mg 11 4481/He 1 4472 was about 0.7. On September 
15 it was 0.8. On some of Plaskett’s plates the ratio became as large as 2.5 
when the a Cygni lines were particularly strong. 

In the a Cygni spectrum Fe 11, Ti 11, and other metals have faded in intensity, 
but Niir is strong and sharp. This produces a rather unusual spectrum, 
reminiscent of the early stages of the shell of Pleione but much more extreme 
in the exceptional intensity of Ni 11. The H absorption cores are strong and 
sharp, with weak violet absorption components. Ca 11 K is strong and single. 
The H emission is weak. 

The a Cygni lines have almost disappeared except for sharp Ni 11, which is 
very strong in the ultraviolet region beyond the Balmer limit. Relatively 
speaking, Ni 11 4067 is weak. Apparently the Balmer jump does not weaken 
the ultraviolet Ni 11 lines. The H cores are strong, with weak violet exten- 
sions or components. The H emission is weak. Catt K and H are strong, 
sharp, and single. The weak violet components of the H cores are quite broad, 
and it seems that a small extension due to He should be visible on the violet 


1 Struve, Proc. Amer. Phil. Soc., 81, 237, 1939. 
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side of Ca 1 H. But it is definitely not present. The Balmer jump is less con- 
spicuous than at maximum development of the a Cygni spectrum, showing 
that its origin is related to that temporary spectrum. The Het lines look 
normal. The ratio Mg 1 4481/He 1 4472 is 0.4. 

The H cores are single and show little shading toward the violet except in H¢. 
This is the first plate which clearly brings out an anomaly in the behavior of 
H¢, which must be due to He 1 3889 and manifests itself in a strengthening of 
the weaker component when //¢ is double or in a strengthening of the violet 
wing when there is only a slight lack of symmetry. The effect is probably ex- 
plained in terms of the curve of growth: the strong component gains little 
from the added absorption of He 1, while the weak component gains much. 
No change in the rest of the spectrum. 

No change, but H cores very sharp and narrow. H emission very weak and 
barely visible at 18. The plate is of fine quality and shows exceedingly weak, 
sharp absorption of ultraviolet Sz 1 lines and perhaps of a few Fe 1 lines. 
But the ultraviolet lines of Ni 11 are very strong. 

The H cores are double, with the violet components very weak except in 
H¢, where He 1 helps to make the violet component about one-third as strong 
as the red component. The absence of a violet He component on the violet 
side of Ca 11 H is striking and definitely abnormal. The H emission is some- 
what stronger and can be seen at Hy. Ca 11 has become much weaker than in 
September and October but is still conspicuous and single. The Balmer jump 
is almost absent, and the H/ cores are appreciably weaker than previously. 
There are weak violet emission borders on the violet sides of the violet ab- 
sorption components of H. 

The H cores are much weaker and are single. Ca 1 K is weaker. The H emis- 
sion is exceptionally weak and is barely visible at H8. 

No change, except that H¢ is conspicuously double, with the weaker absorp- 
tion component on the violet side, while in H6 and Hy the violet components, 
though present, are very weak. 

The H absorption cores are single, except in H¢, where it is weak. The prin- 
cipal components are relatively weaker than before and reach only to H 23 
and /f 24, in spite of their sharpness. The H emission is all on the red side and 
is fairly strong, though narrow, at 78 and Hy. Ca 11 K is still fairly conspicu- 
ous, but Ca 1 _H is hardly visible. 

The H cores are conspicuously double, and the absence of a violet component 
at He is a most unusual fact. Some of the H cores, especially at H 9, H 10, 
and H 11 are superposed over faint, broad wings suggestive of Stark effect. 
H emission can be seen as far as H6, but only on the red side. The lines of 
Nit and Cau K are still fairly strong and single, though a very weak com- 
ponent to the violet side of Ca 11 K may be real. Mg 11 4481 is very narrow 
but weak. 

At 6:05 U.T. The violet components of all H cores have increased in inten- 
sity, but there is no such component at //e, where its space is not covered up 
by Ca 11 H, so that the suppression of the violet component is unquestionably 
the most remarkable discovery made in this star. Otherwise the spectrum 
has not changed. The violet component of //¢ is especially strong, owing to 
Het, but is still weaker than the red component. 

At 12:28 U.T. Although this plate is not of good quality, I am certain that 
the violet component of //e is now weakly present—in marked contrast to the 
preceding plate and the plates of November 9 and 4. Ni 1 remains strong and 
single, though somewhat diffuse. Ca 11 K has a very weak violet component. 
The H cores are now widely double, with the violet components only slightly 
fainter than the red. He looks about like 6, though there may still bea slight 
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weakening of its violet component. Ca 11 K shows a very weak violet absorp- 
tion component, in addition to the normal sharp line, but Ni 11 is single. The 
H emission is somewhat weaker but may be present on the violet border, as 
well as on the red. 
This plate of higher dispersion clearly shows H emission on the violet border 
of the violet absorption components of HB, Hy, and Hé and stronger emission 
on the red border of the red absorption component of 1/6, Hy, Hé, and He. 
The normal absorption of Ca 11 K is much weaker, but still stronger than the 
violet. 
The violet absorption components of H and Ca I are now equal in intensity 
to the red components. He-1 4471 and 4026 are double, with the violet com- 
ponents the stronger. Both components of He I are quite diffuse, while those 
of Ca 01 are very narrow and sharp 
The violet components are now the stronger in H, Ca 1, and Het. The com- 
ponents are sharp in Ca 11 and diffuse, though conspicuous, in Het. There is 
no abnormality in He. Ni 11 is shaded toward the violet. H emission is fairly 
strong and is visible as far as He, with most of it on the red side and only a 
trace on the violet. 
Niu is now also double, with the violet components of all elements very 
much the stronger. Fe 1 emission is again in evidence. Now that the red H 
component is the weaker, it is at once apparent that He remains perfectly 
normal and that the red component of H¢ is not appreciably enhanced by 
Het. The H emission is strong and most or all on the red side. 
Fe 11 emission is becoming stronger, otherwise no change. The doubling of 
Het is quite apparent, and the diffuseness of the components contrasts with 
the sharpness of the components of Ca m1 and Ni 11. 
The absorption cores are now single, with a slight shading toward the red: 
But Ca 1 K remains double, and the suspicion arises that the weak red com- 
ponent may now be mostly interstellar. This component remains visible 
throughout December and the first half of January, when all other lines give 
widely different velocities. He looks normal, and //¢ is very little, if at all, 
modified by He 1. 
Not much change. The green Fe 11 lines are again displaying P Cygni char- 
acter. 
No change. The H emission is all on the red side and is narrow. 
The H cores are single and narrow, and there is a step of what looks like con- 
tinuous spectrum between them and the red emission borders. The Fe 1 
emission is weaker. 
The H cores are again double, with the weaker component on the red side. 
The H cores are single or very slightly shaded toward the red. 
No change. 
The H cores are single and greatly reduced in intensity. They can be seen to 
about H 11. Several higher numbers of the series, to H/ 15, are visible as very 
broad and diffuse lines similar to those in ordinary main-sequence B stars. 
Ca 1 K is faint, narrow, and undisplaced. It may be interstellar. Nz 11 is still 
visible and has a large negative velocity, similar to that of the / cores. The 
Fe 11 emission is weak, and the H emission average. 
The H cores are again conspicuously double, with the red components the 
weaker. The undisplaced component of Ca 11 K looks stronger and cannot all 
be interstellar. 
The H cores are widely double: a narrow, strong component is on the red 
side, immediately adjoining the red H emission; and a broader, more diffuse, 
and shallower absorption component is on the violet side. The gradient along 
the series is much steeper for the violet than for the red component. At He 
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the violet component is partly suppressed, as was already observed in No- 
vember. It is remarkable that this should happen again with the velocities of 
expansion quite different from those in November. The green Fe 11 lines show 
complex structure, but AA 4233, 4352, and 4549 are absent or very weak in 
emission. 

Jan. 5 The H cores are double or of nearly equal intensity and equally narrow. They 

can be seen only to H 10, and the higher H members are Stark-broadened lines, 

seen to H 14. He is normal, but the violet component of H¢ is appreciably 
strengthened by Her. Nit is still visible—for the last time this season. 

Cau K is single. 

The H cores are still double but can be seen only as far as H¢. The Fe 11 emis- 
sions are again stronger, and the continuous spectrum has a mottled appear- 
ance. 

Jan. 9% No change. 

Jan. 10 The H cores are still double but are visible only to He. 

Jan. 11 There is a considerable strengthening of the lines of He 1, which are still dif- 
fuse. The series 2*P — n°D is especially conspicuous. There is no exceptional 
strengthening or sharpening of \ 3965 and hence no dilution in Het. 

Jan. 14 The H cores are broad but single. The strengthening of He 1 continues, and 
there are some diffuse lines of O 11 and N 11. 


Jan. 


~ 


Jan. 22 The H cores are broad, single, and slightly shaded to the red. They are much 
stronger and can be seen to H 18 or H 19. Het remains strong. H emission is 
average, Fe 11 emission weak. 

Jan. 23 No change. 

Jan. 24 Not much change. Cat K is double. Fe 1 emission strong. 

Jan. 25 The spectrum shows many strange broad absorption lines, together with Fe 11 


emission, and it is difficult to disentangle the structure. Since He 1, O 1, and 
N ut are fairly strong and probably come from the B-type reversing layer, 
there may be other lines from this source. 

Jan. 26 No very marked change. 

Jan. 27 No very marked change, but Fe 11 emission strong and very diffuse. 

Jan. 28 No change. 

Jan. 31 The H cores are sharper and stronger. 

Feb. 1 The spectrum resembles that of early August. 


4. The radial velocities are shown in Table 1. Fainter components of double absorp- 
tion lines are printed in italics above if on the violet side, or below if on the red side, of 
the principal component. It must be remembered that the lines of He 1, Mg 11, N 11, and 
O 11 are almost always very diffuse and the settings quite inaccurate. On the other hand, 
the lines of 7 are strong and almost always sharp. Those of Ca 1 and of the a Cygni 
lines are sharp, though sometimes weak. The emission lines of Fe 11 are especially diffi- 
cult to set upon, and the corresponding velocities are very uncertain. 

Of special interest are the velocities of He1. The velocities of the two series (2'P — 
n'D) and (2*P — nD) differ systematically, and it appears that the latter is more sensi- 
tive to expansion than the former. It is probable that the triplets originate higher than 
the singlets, but not high enough to show appreciable dilution. A comparison of the 
three lines (2*°P — 6*D) X 3820, (28P — 58D) 4026, and (28P — 48D) \ 4471 shows a 
tendency for the last of these lines to be more subject to expansion than the first. This 
is to be expected, but it accounts (in addition to errors of measurement) for the remark- 
able differences in the radial velocities of the individual He 1 lines. 

5. The principal results of this investigation are as follows: 

a) The remarkable suppression of the violet component of He on November 10 and 
on several other dates. The illustration in Plate XVI shows that the strong Balmer 
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lines H 11, H 10, H 9, H 8, and Hé have conspicuous violet absorption components but 
that He does not have such acomponent. This observation is confirmed by several other 
plates taken prior to November 10. But on later plates, where the violet component is 
very strong, it is clearly present at He. 

The suppression of the violet He components has been observed in one or two other 
outbursts of the same star, and the phenomenon may be regarded as firmly established. 
It does not occur in other lines, and it is never observed in the red absorption component 
of He, only in the violet component. 

A closer study of a microphotometer tracing of the plate of November 9 shows that we 
have an actual suppression of //e, and not a blurring of the violet component of He with 
the violet and red components of Ca 1 H, which should fall at distances of — 100 km/sec 
and —350 km/sec from the center of the normal P Cygni absorption of He. 

If we examine on the reproduction the region between the two absorption components 
of Cait K, we are tempted to conclude that this region represents only the normal 
stellar continuous spectrum. If that were the case, the suppression of violet He with its 
velocity of — 200 km/sec must be due to a physical cause. But, even if the space between 
the two calcium components is partly caused by emission and if this emission from the 
“lobes” of the calcium shell is mechanically superposed over a strong violet He absorp- 
tion component, the suppression of the latter can be only slight. It is almost certain that 
this would not be sufficient. 

We infer that the presence of Ca 1m H, shifted by Doppler effect as seen from the rapid- 
ly expanding hydrogen atoms, must somehow suppress He. Exactly how this suppres- 
sion comes about is not yet known. It is clear that a thorough understanding of the 
mechanism will give us a valuable tool in the interpretation of such phenomena as strati- 
fication, continuity of ejection, etc. 

In order to clarify the problem I shall suggest one or two possible processes. First, 
suppose that the doubling of the absorption lines is spurious and that what really hap- 
pens is a broadening of the absorption lines with the simultaneous creation of a new emis- 
sion line in the center of the broad absorption. Then the rapidly expanding hydrogen 
atoms have no energy to absorb for the creation of He. These transitions will be absent, 
except in emission, and the space normally occupied by violet He will be covered with 
Cat H emission from the “lobes” of the shell. This interpretation, though agreeing 
with Plaskett’s view of the doubling process in hydrogen, meets with the objection that 
the space between the Ca 11 K components looks more like continuous spectrum than 
like Ca* emission. 

Next, suppose that the entire shell is rotating as rapidly as we are inclined to believe 
from the existence of violet and red emission components. If there is little or no differen- 
tial rotation (that is, if the shell rotates as a solid body) a nonexpanding H atom will see 
a monochromatic glow of Ca 1 at \ 3968.5, while it, itself, is sensitive only to » 3970.1. 
But, if the H atoms expand, the Ca H line, as seen from them, will experience a red-shift. 
This red-shift will be less than the measured displacement of 200 km/sec, because the 
absorbing He atoms and the emitting Ca 1 atoms are not all in the same line of sight. 
The majority of the latter are in the “‘lobes”’ of the shell; all the former are “‘in front” of 
the stellar disk. Hence, the red-shift, as seen from the H atoms, is equal to 200 cos a, 
where a is the mean of the angles between the line of sight and the lines joining the H and 
the Ca atoms; a is close to 90° if the expanding atoms of H are closer to the reversing 
layer than the stationary Ca atoms, and a is close to 180° if the expanding H layer is rela- 
tively far from the star. It is not unreasonable to suppose that cos a = —0.5, or a = 
120°. The important thing here is that the expanding H atoms would be subjected to a 
fairly monochromatic glow from the two lobes of the shell and that this glow, coming in 
the sensitive frequencies, would create an excess of emissions in H over those which are 
produced by the absorption of continuous radiation from the star. 

I am not prepared to say that either one of the proposed mechanisms is actually at 
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work. But they suffice to show how important this relatively minute observational 
datum may be. 

b) The doubling of the H absorption cores was accompanied by a doubling of the 
sharp absorption lines of Ca 11 and Ni 1—which normally belong to the a Cygni spec- 
trum—and, at least in the latter half of November, by a doubling of the (2*P — n°D) 
lines of Het. The components of Het were diffuse; those of Ca 11 exceedingly sharp. 
Whatever the physical cause of the doubling may be, it represents the existence of two 
layers of gas, one of which has a very large velocity of expansion, while the other showed 
little expansion in November and moderate expansion in December and January. The 
broadening of the He 1 components resembles that caused by rapid rotation and is totally 
different from that caused by Stark effect. We conclude that, at least on some occasions, 
there are violent surges of expanding motions in the atmosphere of AX Monocerotis, 
which reach through all layers, excepting only the lowest, where the singlet (2'P — n'D) 
lines of Het are formed. This result is of exceptional interest and suggests that during 
these particular outbursts the level where they originated was quite low and perhaps lo- 
cated in bright spots of the photosphere. 

c) This picture is to some extent contradicted by the radial velocities of the a Cygni 
lines in September and October. These lines gave predominantly positive velocities, and 
therefore the metals did not take part in the expansion shown by the violet components 
of the H cores and by the Het lines. But, since the He 1 lines must have originated low 
in the reversing layer and the violet components of H high in the shell, where Stark effect 
is absent, the conclusion suggests itself that the a Cygni lines do not come from a con- 
tinuous layer which is intermediate in height, because of relatively insignificant dilution, 
but from those areas which are not affected by the underlying causes of the expansion. 
This view differs from the one which I proposed formerly when I attempted to attribute 
the expansion to Lyman a radiation built up within the shell.?, But the phenomena which 
gave rise to that hypothesis—notably the existence of P Cygni type Ha lines in some B-, 
A-, and F-type supergiants, which mask the normal undisplaced Ha absorption line from 
the stationary reversing layer—cannot easily be explained in terms of prominence action. 
It is, of course, entirely possible that both mechanisms are at work. In fact, we have an 
example of the two mechanisms in the sun: expansion may start over a “hydrogen 
bomb” and give rise to a localized prominence. But the repulsive forces observed in 
comets cannot be attributed to a single spot on the sun but rather to the integrated light 
of all emitting layers, including the chromosphere and the prominences themselves. 

d) Special attention is directed to the extreme rapidity with which changes occur 
in the spectrum of AX Monocerotis and to the apparent lack of any periodicity. Al- 
though for several years Plaskett was able to notice a periodicity in the velocities of the 
Hf lines, the observations in 1941-1942 are so different from those of 1922-1927 that any 
periodicity probably exists only for a short time. 

e) The persistence of the Ni 11 lines, when other lines of the a Cygni spectrum had dis- 
appeared, is an interesting phenomenon which must have a bearing upon the problem of 
abnormally strong Ni 11 lines in several other shells, such as Pleione and 48 Librae. With- 
in the sequence of normal supergiants there are no spectra which resemble these peculiar 
Ni 11 objects, because, in spite of the high ionization potential of Nz* (18.2 volts), which 
exceeds those of Fet (16.5 volts), Ti* (13.6 volts), and Cr* (16.6 volts), the Ni 1 lines 
fade out in such objects as 6 Orionis, where He 1 becomes prominent. In the i 11 stage 
of AX Monocerotis these lines were very strong, although Fe 11, 77 1, and Cr 1 had dis- 
appeared and He I was not strong enough in the shell to produce a sharp line of appreci- 
able intensity at \ 3965 and only a weak contribution to the blend H¢ + He 1 3889. 
These two lines of He 1 might be expected in the shell because they have metastable lower 
levels. Accordingly, the Ni 11 stage represents a kind of stellar spectrum not duplicated 
in the sequences of supergiants or main-sequence stars. Its origin remains somewhat ob- 
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CHANGES IN THE LINE CONTOURS OF e URSAE MAJORIS* 
O. StRUVE AND W. A. Hittnert{ 


McDonald Observatory 
Received July 10, 1943 


ABSTRACT 


Certain lines of Cr 1, Fe 1, V 11, and of some other elements become double at phases near 1.5 and 3.7 
days after the epoch of minimum intensity of the line Ca 11 K, whose variation in a period of 5.09 days is 
confirmed. The over-all widths of the double lines are the same as those measured when the lines are 
single (near phases 0.0 and 2.5 days). The doubling is not caused by orbital motion but may be due toa 
combination of physical effects with Doppler effect in a rotating star. No definite relation has been 
found between multiplet structure and tendency to become double. 


The spectrum of ¢ Ursae Majoris is of great interest, not only because the star is a 
member of the Ursa Major cluster but especially because its absorption lines undergo 
periodic changes in intensity. The spectral type is AOp. The Henry Draper Catalogue 
remarks that the Ca 11 line K is weak and that several other lines are abnormal. In two 
exhaustive studies! P. Guthnick has announced and discussed periodic variations in the 
line intensities. With the help of some old Harvard spectrograms he established that the 
Cat line K is of minimum intensity on 


1931 April 5.01 = JD 2,426,437.01 + 5.0887E . 


When Catt K is weak, nearly all the other lines are appreciably strengthened. These 
lines, which are typical for class AO, with Cr 11 relatively strong and the rare earths very 
weak or absent, are appreciably broadened in the manner usually explained by axial ro- 
tation. These changes in the line intensities link ¢ Ursae Majoris with a? Canum Venati- 
corum and other similar A-type stars, in spite of the fact that the rare earths are not 
conspicuous in e Ursae Majoris, as they are in a? Canum Venaticorum and in HD 125248. 

Between May 13 and June 1, 1943, we obtained thirteen Coudé spectrograms of ¢ Ur- 
sae Majoris at the McDonald Observatory, which are well distributed in phase, accord- 
ing to Guthnick’s period. They are listed in Table 1. Minima of Ca 11 were observed 
on the following dates: 2,430,858.7; 2,430,869.8; 2,430,874.8. Assuming P = 5.09 days, 
these three epochs give 


Observed minimum of Ca tu K = JD 2,430,869.5 . 


Guthnick’s elements give JD 2,430,869.26. The difference is only 0.24 day, and this may 
be due to the uncertainty in our observed epochs. It is thus shown that Guthnick’s peri- 
od satisfactorily accounts for observations made in 1943. 

An examination of our plates, which range in dispersion from 1.9 A/mm at A 3935 to 
3.0 A/mm at \ 4360, has shown that the contours of many absorption lines undergo re- 
markable changes in the same period of 5.09 days. Counting in days from the epoch of 
minimum intensity of Ca 1 K, all lines are single, though appreciably broadened, until 
about phase 0.82 day. Between phases 1.36 and 1.59 days many lines are double. They 
are again single from phase 1.93 days to phase 2.81 days ; another stage of doubling oc- 
curs between phases 3.65 and 3.70 days. Single lines are observed from phase 4.48 days 


* Contributions from the McDonald Observatory, University of Texas, No. 76. 
t Fellow of the National Research Council. 
! Sitz.-Ber. Preuss. Akad. Wiss. Berlin, 1931, 27; 1934, 30. 
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and through the epoch of minimum Ca 11 K intensity. These changes are shown in the 
enlargements on Plate XX. 

The occurrence of double lines in stellar spectra is sufficiently common; and, since the 
star was believed to be a spectroscopic binary by Ludendorff? as well as by Guthnick, 
the occurrence of double lines might conceivably be caused by orbital motion in a binary 
system. However, it should be noted that the early radial-velocity measurements have 
given somewhat inconsistent results. Ludendorff found a period of 4.15 years with a total 
range of 7 km/sec. Guthnick and Prager* found evidence of variation in velocity with 
P = 0.95203 day from Ludendorff’s observations—a period which they also assigned to 
small fluctuations in light. More recently Guthnick' found some variation in velocity 
with P = 5.09 days. 

The Coudé observations disprove the binary hypothesis in so far as the varying struc- 
ture of the lines is concerned. The plates show conclusively that not all lines become 
double, but only some. Other lines of similar intensity remain single throughout the 


TABLE 1 


OBSERVATIONS OF ¢ URSAE MAJORIS 


Plate —— Usk. sick Phase Remarks 
398. May 13 4h47m 57.70 3.70 Double 
402. May 14 4:40 58.69 4.69 
405. May 16 3:34 60.65 1.56 Double 
410. May 17 9:31 61.90 2.81 
412 May 18 5:50 62.74 3.65 Double 
421 May 24 3:49 68 .66 4.48 
429. May 25 6:24 69.77 0.50 
430 May 26 3:06 70.63 1.36 | Double 
432. May 26 7:42 70.82 1.55 | Double 
436 May 30 8:04 74.84 0.82 | 
437. May 31 2:42 75.61 1.59 | Double 
440. May 31 10:42 19295 1.93 
442. June 1 6:54 76.79 DA 


cycle. For example, Fe 1 4033.0 shows the doubling conspicuously, while Fe 1 4045.8 
remains single. The line Cr 11 4171.9 is double in the two specified ranges of phase, 
while, of the four lines Fe 1 4070.0, Cr m1 4070.7, Fe 4071.7, and Cr 1 4072.7, only the 
second shows a trace of doubling. The doubling is not related to the intensity of the 
line, as might be the case in a spectroscopic binary in which the resolution of the com- 
ponents is not complete. But those lines which are subject to the doubling do so quite 
systematically in the three cycles covered by our observations. Even more convincing 
is the fact that the lines do not become systematically narrow in the phases closest to 
0.0 and 2.5 days. In a true binary this effect should be conspicuous. For example, our 
plate at phase 2.77 days shows very diffuse lines, whose over-all widths are very similar 
to those observed when the lines are double. Take, for example, Fe 11 4033.0. The total 
width of the single line at phases 0.50 day and 4.69 days is 1.4 A. This is precisely the 
over-all width between the outer edges of the two components at phases 1.36 and 3.65 
days. We conclude that the observed doubling is not caused by binary motion, though 
we do not deny that the star may be a binary, as was suggested by Ludendorff. 

The total widths of the lines apparently remain sensibly constant, but the degree to 


24.N., 195, 369, 1913. 
3 Veréff. Univ. Sternw. Berlin-Babelsberg, 2, Part III, 52, 1918. 
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which doubling occurs is very different for different lines. Those which show the effect 
best, like Cr u 4171.9 or Cr 11 + Fe 11 4179.5, consist of two very narrow components 
with a distinct space between them. But other lines, like Cr m1 4070.7, show only a trace 
of doubling, and still others show no doubling at all. The stronger lines, like Ca 1 K, 
Fe u 4232, and Mgt 4481, show little or no doubling, though on one plate, at phase 
1.59 days, Cau K is conspicuously unsymmetrical with the maximum intensity dis- 
placed toward the red. The fainter lines show the doubling more often, though by no 
means all faint lines become double. 

There is no tendency for the doubling to be confined to any one element, though Cr 11 
shows it relatively more often than Fe 1. But some Cr 11 lines remain single, while others 
become double, and there is no obvious relation between doubling and multiplet struc- 
ture. 

The variation in line contours which we have described is one of the most puzzling 
phenomena that have been encountered in stellar spectroscopy. If the nebulous charac- 


TABLE 2 


CONSPICUOUS DOUBLE LINES IN ¢€ URSAE MAJORIS 


Element Wave Length Remarks 
Cri 3976.7 
Vu 3997.1 v>r at phases 3.65 and 3.70 
Cri 4002.5 Complex 
Feu 4033.0 v<r at phases 1.36-1.59 
ChIE:... 4052.0 v<r at phases 1.36-1.59 
Cru 4113.2 v<r at phases 1.36-1.59 
? 4137.2 
Grn... 4145.8 v<r at phases 1.36-1.59 and 

v>r at phases 3.65 and 4.70 

Crit 4171.9 
Criu+Fe 4179.5 Complex 
Crit 4271.8 
Cri 4278.1 
Til 4290.2 Complex 


ter of the lines (which is conspicuous on the Coudé plates, although with small dispersion 
the spectrum has been classified as A2s‘) is caused by axial rotation, the observed 
doubling may be a combination of Doppler effect and of physical effects. It is almost 
certainly related to the process which tends to weaken the lines of Cr 11 and of other 
elements, as Ca K becomes stronger. But no such doubling has been observed in the 
lines of variable intensity in a? Canum Venaticorum. There the majority of the lines of 
groups C (constant in intensity) and B (vary in the opposite sense of Eu 11) become 
broader and more diffuse when the Ew 11 lines are weak. Some of the more striking 
double lines are listed in Table 2. 

There seems to be a slight tendency for the violet components to be stronger at phases 
3.65 and 3.70 days and for the red components to be stronger at phases 1.36-1.59 days. 
But in some lines the two components are similar in intensity, while in others the struc- 
ture—probably due to blends—is so complex that it is impossible to decide which compo- 
nent is the stronger. 


* Lick Obs. Bull., No. 483, p. 10, 1936. 


5(. Struve, Proc. Amer. Phil. Soc., 85, 357, 1942. 








A NEW ORBIT FOR THE SPECTROSCOPIC BINARY @& ORIONIS A* 


Guipo MUtncu 
Yerkes and McDonald Observatories 
Received July 6, 1943 


ABSTRACT 
New elements have been derived from 22 spectrograms obtained at Yerkes and McDonald observa- 
tories: P = 21.0315 days V = +34.5 km/sec, e = 0.131, K = +105.8 km/sec, w = 151.0°, and T = 
JD 2430639.455. There is no appreciable difference in these elements from those determined by Struve in 
1924, except that his eccentricity was e = 0.27. This difference is probably not physically real. The inter- 
stellar calcium line K gives 18.9 + 3.5 km/sec. 


The orbit of @ Orionis A (a = 5®30™5, 6 = —5°29’ [1900], mag. 5.2) was first de- 
termined by Struve! in 1924, who also described its spectrum. The spectral type is 
O9k, and the lines are very diffuse. A new orbit has been computed from 15 spectro- 

TABLE 1 


RADIAL VELOCITIES OF 6? ORIONIS A 


Plate Julian Day Velocity Mean Error Weight 
km/sec km/sec 

1R 12946 2430640 .905 — 80.5 +10.0 1 
1R 12955 650.858 +112.6 16 es 
1R 12973 669 .842 +107.9 4.6 1.9 
1R 12985 676.793 +105 .3 13.8 0.3 
1R 12996 681.837 — 64.1 6.2 1 
1R 13016 697 .788 + 92.7 6.8 LI 
1R 13028 698 .817 + 49.1 13.0 0.6 
1R 13033 704.769 — 78.7 os i 2 
1R 13054 718.731 + 90.0 95 1.0 
1R 13067. 760.671 + 78.7 ae 1.0 
1R 13073. 771.601 + 27.1 1.9 eo 
1R 13085 773.607 + 71.7 10.9 E25 
1R 13094 774.595 + 94.7 9 9 224 
CQ 1958 787.773 — 75.8 9 5 0.3 
CQ 1969 789.597 — 70.6 Loa 0.5 
CQ 1977 790.554 — 57.4 9 0 0.9 
CQ 1992 791.615 — 14.3 9 2 0.9 
CQ 2007 792.558 + 25.6 8.1 1.0 
CQ 2029 793.625 + 43.3 5.0 0.8 
CQ 2050 796.791 + 88.1 ios 0.8 
1R 13105 804.551 + 39.8 6.4 1.8 
1R 13141 822.554 +120.3 +98 Res 


grams taken by O. Struve and C. A. Bauer at the Yerkes Observatory between October, 
1943, and April, 1943, and from 7 spectrograms obtained by O. Struve at the McDonald 
Observatory in March, 1943. All the plates were measured three times by the writer, 
and the results are collected in Table 1. The mean errors given in the fourth column 
were computed from the internal agreement among the velocities obtained from the dif- 
ferent weighted lines; the weight of a line was considered to be a function of the disper- 


* Contributions from the McDonald Observatory, University of Texas, No. 77. 
1 Ap. J., 60, 159, 1924. 
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sion at that line and of the quality of the line itself. The weight of a plate, given in the 
fifth column, depends upon the sum of the weights of the lines. 

These velocities were grouped into the eleven normal positions given in Table 2, as- 
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TABLE 2 
NORMAL POINTS 
RESIDUALS 
N 
Juuian Day VELOCITY oui WEIGHT aoe 
ERROR 
Preliminary Final 
(km/sec) 

2430639 .949 — 66.6 t 9.2 1.4 — 7.8 —11.6 
641.429 — 79.3 O:% | + 3.4 — 0.2 
643 .009 — 62.1 10.6 1.4 +15.3 +10.8 
644 412 — 14.3 9.2 0.9 +10.4 + 1.9 
645.596 + 29.7 EE S2 4.3 + 2.4 — 4.3 
647 433 + 71.7 11.0 Fes + 5.3 — 4.1 
648 743 + 92.9 9.3 2.9 — 5.1 + 5.7 
649.715 +110.0 6.1 3.4 + 0.8 + 1.7 
654.322 +120.3 98 Bey — 1.8 — 6.5 
655 649 + 88.9 9 0 3.4 +77 an hy 
657.200 + 42.1 10.0 2.4 + 3.1 — 3.4 


suming that the period adopted in the orbit of 1924, P = 21.029 days, is correct. Actu- 
ally, it was found that this period is exact to within a few thousandths of a day. In order 
to make the orbit of 1924 consistent with the present one, it was necessary to adopt the 
period 

P 


21.0315 + 0.0008 days. 
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With these normal points a least-squares solution was carried out after a preliminary set 
of elements had been adopted. The elements obtained, together with their mean errors, 
and the elements of the orbit of 1924 are given in Table 3. 

TABLE 3 


THE ELEMENTS 


a Preliminary Final Final 
1943 1943 1924 

V 38 .0 km/sec 34.5 +t 0.7 km/sec 36.8 km/sec 
i 21.029 days 21.0315+ 0.0008 days 21.029 days 
G4 0.130 0.131 + 0.017 0.27 +0.02 
K 105.2 km/sec 105.8 + 2.6 km/sec 93.7 + 3.6 km/sec 
Wei. 154. 3° 151.0 + 10.5 £5407>° 53:2 
‘i JD 2430639 .497 | 2430639.455 + 0.717 JD 2423741.362 + 0.314 
asin? 30 10° km 27 X 10° km 


There has been no appreciable change in the elements except in the case of the eccen- 
tricity, and even this difference is probably not real. There has certainly been no notice- 
able rotation of the apsidal line—a result that was not unexpected, in view of the great 
value of the period. Nor is it probable that the presence of nebulous matter would affect 
the orbit within an interval of 20 years. 

The mean velocity obtained for interstellar calcium, computed from 12 plates where 
the K line was measurable, was +18.9 + 3.5 km/sec. 
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RECENT PROGRESS IN ASTROPHYSICS 


MEASURES OF TOTAL INTENSITIES OF THE LINES OF H AND Cal 
IN STELLAR SPECTRA BY D. BARBIER, D. CHALONGE 
AND N. MORGULEFF 


Although the flow of astronomical literature from Continental Europe has almost 
ceased, occasional issues of important publications continue to arrive in this country. 
Among the most recent arrivals are several issues of the Annales d’astrophysique, pub- 
) lished by the Service de Recherche d’Astrophysique du Centre National de la Recherche 
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Scientifique in Paris. Started in 1938, the Annales have continued throughout the war 
and the German occupation. The last two issues received are Volume 4, Part IV, and 
Volume 5, Part I, the latter having been printed in Paris in December, 1942. 

The paper under review is an important contribution to the study of the equivalent 
widths of the lines Hy, Hé, and Ca u K in 200 bright stars, for which the authors had 
previously given measurements of the quantities ¢; and ¢2, characterizing the distribu- 
tion of energy in the continuous spectra, and of the quantities D and \y, characterizing 
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the Balmer jump." Since the resolving-power of the spectrograph was low, the authors 
have made use of a method first employed by Ohman (and later also used by Rudnick at 
the Yerkes Observatory) and have obtained the equivalent widths, or rather a measure 
of the latter, by projecting the line upon the greatly widened slit of the microphotometer 
and comparing the galvanometer deflection thus obtained with that given by a neigh- 
boring region of the continuous spectrum. As the authors show from a comparison with 
the results of Giinther, their values y, 6, and K are not strictly the equivalent widths 
but are accurate measures of the latter, if there are no serious blends within the wide 
aperture of the microphotometer slit. 
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The value of this work lies in the large number of stars measured and in the uniformity 
of the procedure. The discussion is purely observational but opens the field for theoreti- 
cal applications. The results are shown in several disgrams. Figure 1 shows the intensity 
relation between the authors’ intensities of 7y and the equivalent widths of Giinther.? 
This permits the reader to convert the values of Barbier, Chalonge, and Morguleff into 
standard equivalent widths. Figure 2 shows the relation between the intensity of Hy 
and of K with spectral type. The supergiants are shown individually as open circles; 
the main-sequence stars have been averaged for each subdivision in spectral type. Fig- 
ure 3 gives the relation between the intensity of Hy as a function of the depth of the 
Balmer jump, D, and the wave length \;, at which the Balmer jump has reached one- 
half of its value. Clearly, D is largely a function of spectral type, while \; is a measure 
of luminosity. There is a definite family of curves showing that within the precision of 
the measurements the intensity of //y is uniquely determined by D and );. From this 


1 Ann. d’ap., 4, 1, 1941; Ap. J., 97, 445, 1943. 


2 Vetiff. Gottingen, No. 36, 1933. 


























































T T 7 T T T T i} I 
D . Faas 
(30) 
19 ~~ : 
/ \ 
(25) 
0,50 
28029028 240028 
300030 +25 928 
28° 27°26 
0,40 - a 
1Se*12 024 
“8 
0,305 16° 18° 21 ‘ll 
20¢ 16 «18 
-38 +18 1Be 914 
+18 
16 «19 “19 
ol4 4 
ile 
10] 1 1 1 i 1 l 1 1 
3690 3700 370 3720 3730 3740 3750 3760 3770 3780 3190 2, 








234 RECENT PROGRESS IN ASTROPHYSICS 


figure the authors derive Figure 4, which shows the variation of Hy with luminosity, the 
latter being given by \;. A small A; means that the Balmer jump takes place very sud- 
denly and corresponds to high luminosity. The corresponding relations for Ca 0 K are 
much less definite, partly because of the greater faintness of the line and the smaller 
number of stars used, but partly perhaps also because the intensity of Ca  K may not 






































r 
0,30— 
0,20 
F2 
a a Gio ge 
Bl 
BO 
Oe5 
0 i iL i 1 
3720 3740 760 3780 mi 
Fic. 4 
D * 1D 
~s | 
x ay 
a , . < 8?) 
s | 
:. oa Nie a J 0,60 
=N ‘Nes | 1 
. 
s | 
ie ; i 
. ‘ 
a b oe Te 8 f 
. « . ‘ 
P . 
. 
. ‘ - 
‘ - 
K 
0 4 i iL — | 0 
3700 2720 3740 3760 3780 3700 3720 3740 3760 3780 3700 3720 3740 3760 3780 


Fic. 5 


be determined uniquely by D and ),. Figure 5 shows the relation of K with D and \, 
for three groups: (a) those stars in which 0.025 < K < 0.075, (6) 0.075 < K < 0.125, 
(c) 0.25 < K < 0.35. Because of the large scatter of the points, they are shown in 
three separate diagrams. We see that, when we examine those stars whose Ca 1 K in- 
tensity is about 0.05, the stars fall roughly on a curve which starts, for small ;, with 
small D and extends toward large \; and large D, with perhaps a maximum at A; = 
3750, D = 0.45. The significance of these curves is not at once obvious. Figure 6 shows 
the absolute-magnitude relations for Ca 11 K, with A; again serving as a measure of lu- 
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minosity. Finally, in Figure 7 the authors relate their values of N and ), with the 
number of observable lines of the Balmer series in nonrotating stars, the latter quantity 
having been determined by Unséld and Struve from McDonald Observatory spectro- 
grams.* The authors point out that this diagram could have been extended toward the 
right by the use of data for white dwarfs. The line would be labeled V = 6 (last visible 
H line has quantum number 8) and would be defined by the points \; = 4050, D = 0.17, 
and A; = 4050, D = 0.14. 
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(Of special interest is the fact that in all statistical discussions the authors have found 
it necessary to omit the stars a? CVn and a And. Although classified as AO at Harvard, 
they possess the properties of B5 stars in regard to the Balmer jump, the intensities Hy 
and 6, and the color temperatures. The authors ask ‘‘whether these stars are really 
B5 stars which are particularly deficient in helium.’’ The peculiar line spectra of both 
stars have been known for a long time; and a? CVn, especially, with its variations in 
absorption-line intensities and the remarkable strength of the rare earths Eu 11, Dy 0, 
Gd U, etc., presents an enigma in astrophysics. 

O. S. 


June 15, 1943 


3 Ap. J., 91, 365, 1940. 


GALACTIC RESEARCH IN HOLLAND DURING 1942 


Among the papers which the Committee for the Distribution of Astronomical Litera- 
ture has obtained from Holland are some important ones by Oort and his co-workers at 
Leiden and one by Pannekoek, all of them dealing with galactic research. The Leiden 
papers are published in B.A.N., No. 353, dated October 9, 1942; the Pannekoek paper, 
entitled ‘‘Investigations on Dark Nebulae,” is No. 7 of the Publications of the Astronomi- 
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cal Institute of the University of Amsterdam. We lead off with a summary of B.A.N.,, 
No. 353: 

J.J.M. van Tulder, **A New Determination of the Galactic Pole and the Distance of the 
Sun from the Galactic Plane.’”’—The investigation concerns itself primarily with objects 
of high galactic concentration. All computations have been made with galactic co-ordi- 
nates referred to the pole at 12°40™, + 28°, used for the Lund tables. Calling the longi- 
tude and latitude of a pole in the Lund system /) and 90 — A, the equation of condition 
can be written as 

= Z9+rsin b+ (r cos bcosl) X 
+ (rcos bsinl) Y , 


where X = sin A cos /) and Y = sin A sin /, and where it has been assumed that A is 
small. In these equations z is the measured distance of an object from the true plane of 
symmetry and 2 is the height of the sun above the galactic plane. 
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Fic. 1.—Positions of poles for the separate groups. The center of co-ordinates is Ohlsson’s pole 
(12540™, +28°). The numbers correspond to the groups in Table 1: the radii of the circles represent 
probable errors. The black dot indicates the pole finally adopted. Newcomb’s pole is shown by a cross 


(1244™4, +.26.8°). 


The solution was determined by the condition 2? = minimum for stars with accu- 
rately known distances (Cepheids nearer than 1000 parsecs). For all other groups the 
basic equation of condition was divided by r, and the solution was based on the condi- 
tion 2(2/r)? = minimum. 

Van Tulder carried out the analysis for 23 different groups. The results for the posi- 
tion of the poles are shown in Figure 1. The types of stars and the mean distances of 
the groups are given in Table 1. All distances were corrected for absorption. This was 
determined either from the known color excesses or on the assumption that the absorp- 
tion takes place within a layer 2 = +150 parsecs and that the average coefficient 
amounts to 1.0 mag/kpc. 

The resulting position of the galactic pole is 


a = 1254470 + 1™1 (or 191.0° + 0.3°), 
§ = +27.5° + 0.3°, 
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and the final value for the height of the sun above the galactic plane is 


Z9= 13.5+ 1.7 parsecs . 


A division of the material into three ranges of distance (average distances about 500, 
1100, and 2300 parsecs) shows that the position of the pole and the height of the sun 
above the plane come out about the same for each subdivision. 

A study of the distribution of the objects perpendicular to the galactic plane shows 
that for all types together the average distance is equal to 50 parsecs. The extreme values 
are 37 and 77 parsecs. The corresponding average peculiar velocity in the z-direction is 
3.8 km/sec. 

J. H. Oort, “A Determination of the Galactic Pole from Stars at Large Distances from 
the Galactic Plane.’’—Oort redetermines the position of the galactic plane from data on 
star numbers collected in B.A.N., No. 308. In the earlier publication he derived the 


TABLE 1 


Mean Mean 
Group Type of Object Distance Group Type of Object Distance 
(Parsecs) (Parsecs) 
1 cBO0-cA6 697 13 BO-B5 345 
3. cBO-cA6 1931 14 .| BO-B5 500 
2. . cA7-cK 187 15 O 1261 
4 cA7-cK 764 16 Wolf-Rayet 1430 
5 6 Cephei 607 17 Open clusters 778 
6: 5 Cephei 1430 18 Open clusters 1705 
7 5 Cephei 2696 19 Open clusters 3310 
8 B1-B2 460 20 Planetary nebulae |.......... 
9 B1-B2 902 21 Planetary nebulae einem 
10 B1-B2 1446 22 Extragalactic nebulae |.......... 
11 BO 853 23 High velocities hh ag a 
| are BO 1682 


REMARKS TO TABLE 1 


1. The data for groups 8-12 and 15 are from Mt. W. Comm. No. 621 for declinations north of —40° 
and from the Henry Draper Catalogue for regions south of —40°. 

2. The data for groups 13 and 14 are from Harvard Circ. No. 239. 

3. For the planetary nebulae, groups 20 and 21, reliable distances are not available. The sorting-out 
was done on the basis of diameters, and no solution for zp was given. 

4. The latitude at which the number of nebulae is a minimum was derived for each interval of longi- 
tude by noting the halfway points between latitudes with equal numbers of nebulae at some distance from 
the plane. The results are given under group 22; no value of zo could be found. 

5. The directions of motion of the high-velocity stars show a marked concentration toward the galac- 
tic plane. The results for group 23 were derived from these motions. 


quantities A log A(m), and he investigates these to see if there is any evidence of a tilt 
of the galactic plane. The position of the pole is found as 


a = 1253975, §6= +27.4. 


The mean error is of the order of +1.0°. Oort’s result gives further evidence in favor of 
the pole determined by van Tulder. 

J. H.Oort and P. Th. Oosterho ff, ‘Note on the Distances and Motions of Some Extremely 
Remote Cepheids in Cygnus.’’—The paper is concerned with the distances and velocities 
of four interesting Cepheid variables in Cygnus. They are GL Cygni, V343 Cygni, 
QY Cygni, and V336 Cygni. An analysis of the observed radial velocities of these stars 
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indicates that they are probably well beyond 10,000 parsecs from the sun. The color ex- 
cesses of these four stars are very small; an average absorption is indicated of about 1.5 
magnitudes at a distance of 10,000 parsecs. 

The authors comment in some detail on the apparent transparency of the Cygnus 
cloud to great distances. They express the opinion that the absence of faint external 
galaxies in this region suggests that there is present an obscuring peripheral ring at great 
distance from the sun. 

The Cepheids in Cygnus are quite exceptional, for they are probably more than three 
times as distant as other stars near the galactic plane in the northern hemisphere that 
are known to be far away; the only comparable stars may be the faint Cepheids in the 
n Carinae region. 

J.H.Oort and J. J. M. van Tulder, “On the Relation between Velocity and Density Dis- 
tribution of Long-Period Variables.”,—On the basis of the assumption of dynamical equi- 
librium (see B.A.N. No. 159) the authors deduce from the observed asymmetrical drift 
and the average peculiar velocity the rate of increase in the star density in the direction 
of the galactic center. The increase per kiloparsec in the logarithm of the density is thus 
found to be 0.278 + 0.053 (m.e.). This value checks well with 0.254 + 0.033 (m.e.) 
found from the direct data on the distribution. Apparently the densities for these stars 
decrease roughly as the fifth power of the distance from the galactic center. The sug- 
gestion is made that, so far, only one-quarter of all known long-period variables with 
visual magnitudes at maximum between 9.1 and 10.0 has been discovered. 

J. H.Oort and J. J. M. van Tulder, ‘Remark on the Distances of Long-Period Vari- 
ables.’ —The galactic concentration is found to be a sensitive criterion of distance for the 
long-period variables. By correlating it with the density distribution perpendicular to 
the galactic plane (derived from a known velocity distribution and an assumed perpen- 
dicular force A(z)) the authors find the mean absolute magnitude of these stars. The 
result for the mean visual magnitude is My = —1.8, with a dispersion of +0.5 magni- 
tude. 

J. H. Oort, ‘The Constants of Differential Rotation and the Ratio of the Two Galactic 
Axes of the Velocity Ellipsoid in the Case When Peculiar Motions Are Not Negligible.”— 
It is shown that for stars with considerable dispersion in the velocities, such as long- 
period variables, the ratio of the galactic axes of the velocity ellipsoid, as well as the 
coefficients of differential galactic rotation, may be very different from values applying 
to low-velocity objects. For stars with an average velocity along the major axis of the 
ellipsoid of over 25 km/sec, rotation effects can no longer be used reliably as a criterion 
for the distance, unless the ratio of the axes of the ellipsoid is also known with some accu- 
racy. The small rotation effects found for the long-period variables do not conflict with 
the large distances derived for these stars; they indicate that the density gradient grows 
less steep outward. 

A. Pannekoek, “Investigations on Dark Nebulae,” No. 7 of ‘Publications of the Astro- 
nomical Institute of the University of Amsterdam.”’—This volume is divided into three 
chapters. The first chapter is entitled ‘“‘The Effect of Absorbing Nebulae.”” The author 
confines his analysis to general star counts, leaving spectral data out of consideration. 
After a survey of the various methods that can be used for the analysis of star counts in 
obscured regions, Pannekoek adopts a simple numerical scheme. Synthetic Wolf-curves 
are drawn for absorptions of 1, 2, and 3 magnitudes. Pannekoek’s computations indi- 
cate that the case of two superimposed nebulae at different distances will generally not 
be marked by an extra hump in the Wolf-curve. Computations for mean parallax and 
mean color are reproduced. 

In the second chapter, entitled “Discussion of Star Counts,” Pannekoek begins by re- 
producing the assumed values of log A(m) as a function of galactic latitude. These nor- 
mal values are found by averaging over all longitudes of the counts of Groningen Publica- 
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tions, No. 43. As a preliminary to the analysis the effects of chance fluctuations and of 
magnitude errors are discussed. This chapter contains a fairly complete analysis of the 
dark nebulae in Taurus-Auriga, Ophiuchus, and the Rift in Cygnus. 

In the final chapter Pannekoek analyzes the surface distribution of near-by absorbing 
matter. Counts in various Duchmusterung catalogues constitute the basic material. A 
list is given of the regions in which there is a strong deficiency in the star numbers bright- 
er than m = Y.o. Pannekoek assumes a deficiency to be real when A log N (9.3) > 0.40. 
The chapter closes with a masterly comparative study of the deficiencies in the near-by 
stars and the detailed aspect of the Milky Way. In this closing section an attempt is 
made to sort out the more conspicuous obscured regions according to their distances. 


Bart J. Box 
HARVARD COLLEGE OBSERVATORY 
August 1, 1943 





REVIEWS 


An Atlas of Stellar Spectra. By W. W. MorGAN, Puitip C. KEENAN, and EpITH KELLMAN. 
(‘Astrophysical Monographs.’’) Chicago: University of Chicago Press, 1942. Pp. 35+55 
illus. $10.00. 


Research workers in astronomical spectroscopy, as well as teachers and students of astro- 
physics, are deeply indebted to the authors of this work for preparing a practical atlas of stellar 
spectra and to the Yerkes Observatory and the University of Chicago Press for issuing it in a 
convenient “‘cost-minus” form as one of the Astrophysical Journal monographs on astrophysics. 

Since it is the only publication of its kind in this field, it is certain to have a large influence 
on the classification of stellar spectra with regard to spectral type and luminosity and will serve 
as a standard reference work for many years to come. 

The Adlas consists of fifty-five 810-inch photographic prints with a serviceable binder. 
Each print reproduces a series of standard stellar spectrograms photographed with the 40-inch 
refractor of the Yerkes Observatory. Low dispersion (120 A/mm) was used, in order that the 
criteria might be applicable to objective-prism spectra. The spectra were apparently widened 
by trailing the star along the slit during the exposure. A total of 265 spectra is reproduced 
in the Aélas. Forty-five spectra illustrate the classification for spectral type; 65 show luminosity 
effects within the subdivisions of spectral type; and 45 are peculiar, representing stars with 
unusually strong lines of particular atoms, stars with emission shells, and variable stars of dif- 
ferent kinds. The spectra are well matched in intensity, and the photographic work is highly 
commendable. 

An outline describing the methods of classification according to spectral type and luminosity 
accompanies the Atlas. The criteria are entirely empirical and apply particularly to the Yerkes 
photographs, but they will have general usefulness for spectrograms of similar dispersion. The 
standards for spectral type have been carefully chosen to correspond to the Draper system. 

For criteria of luminosity, certain spectral lines and features which evidently vary with in- 
trinsic brightness were selected. Instead of using the luminosity classes which have long been 
recognized under the titles of supergiants, giants, subgiants, and dwarfs or the well-known 
numerical system of absolute magnitude, the authors have introduced a series of six luminosity 
groups to which stars of each spectral class may be assigned. The groups are designated by 
the Roman numerals I-V, Group I having two subdivisions, a and 6. In the opinion of the re- 
viewer this nomenclature adds little in convenience and detracts attention from the physical 
picture represented by the Russell diagram. There are difficulties in any method of rough 
grouping, because the total range in luminosity varies for different spectral types. In type A, 
for example, the total spread in luminosity, excluding white dwarfs, is compressed to about 7 
magnitudes, whereas for type M the classes are widely scattered over a range of 20 magnitudes. 
The luminosity criteria have correspondingly higher weight in passing from early to late types. 
The new system for designating luminosity does not alleviate the existing difficulty but merely 
adds new names for groups previously recognized. 

The immense amount of painstaking work involved in the preparation of the Atlas will be 
readily appreciated by all who are familiar with stellar spectroscopy. Ample reward will be 
forthcoming through the increased interest and understanding engendered among students 
and workers in this field. 

ALFRED H. Joy 
Mount Wilson Observatory 


Carnegie Institution of Washington 








